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ABSTRACT 
Forrester, Joyce I., M.A., December 1981 Communication Sciences 
and Disorders 
Effects of hearing-aid receiver response characteristics (17-1 
pp.) 
Director: Michael J .M 
The effects of extended high-frequency amplification were 
compared to those of limited-range amplification for eight 
"high-frequency, sensorineural hearing-impaired subjects. Subject 
performance on a standard speech-discrimination test (in quiet 
and in noise), spondee threshold, and loudness-discomfort level 
tasks were assessed in unaided, aided with the extended-range 
hearing-aid, and aided with the limited-range hearing-aid 
conditions. Two all-in-the-ear hearing aids were used which 
differed only in the range of high-frequency amplification they 
provided. The gain of the instruments was not adjusted during 
the experiment. Results indicated that extended-range 
amplification alone generally was not beneficial as determined by 
the results of the audiometric tests employed. 
Factors which were found to affect subject performance 
included: 1) The frequency at which the loss began to be 
demonstrated, 2) The loudness-discomfort level (for noise) of the 
subject. 
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CHAPTER I 
INTRODUCTION 
Advances in the design and manufacture of hearing aids may 
be attributed, in part, to the attempts to resolve the 
difficulties which hearing-impaired individuals experience in 
their daily communication situations. Modifications of 
hearing-aid characteristics may have resulted from attempts to 
create an instrument that would enable the wearer to have minimal 
difficulties in hearing and understanding the sounds and speech 
signals in the environment. Most hearing aids do not amplify 
frequencies greater than 4,000 Hz and have a typical cut-off 
frequency of 3,800 Hz (Triantos and McCandless, 197-4) . 
Consequently, individuals demonstrating normal hearing to 
approximately 1000 Hz, but suffering from a hearing loss in the 
higher-frequency range (1,000 Hz through 8,000 Hz) receive only 
limited benefit from conventional amplification. These 
high-frequency (HF) hearing-impaired individuals often have not 
been considered candidates for successful hearing-aid use as they 
have normal "or slightly reduced hearing sensitivity in the 
frequency range where a conventional hearing-aid provides most of 
its amplification (Schwartz, Surr, Montgomery, Prosek, and 
Walden, 19?9). A review of published research suggests that 
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extended high-frequency response for behind-the-ear (BTE) 
amplification provides significant benefits to individuals 
suffering from a high-frequency sensorineural hearing loss as 
determined through the use of standard tests of speech 
discrimination (Ambrose and Neal, 197-3; Killion, 1976; Pascoe, 
1975; Shapiro and Preves, 1980; Triantos and McCandless, 197-4). 
A detailed review of the pertanent published research concerning 
the effects of high-frequency amplification is contained in 
Appendix A. One limitation of the research published has been 
the restriction of studies to the investigation of BTE hearing 
aids. No data were found to demonstrate that patients afflicted 
with an HF sensorineural hearing-loss may be expected to benefit 
from extended-range amplification for the all-in-the-ear (ITE) 
hearing-aid option. 
It was the purpose of the present study to compare the 
effects of two ITE amplification systems (extended-range 
frequency response and limited-range frequency response) on 
high-frequency hearing-impaired persons' performance on commonly 
used audiologic tests. 
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CHAPTER II 
METHOD 
Apparatus and Calibrat ion 
All testing was conducted in a sound-insulated, carpeted 
test booth (industrial Acoustics Corporation [IAC], Model 403). 
The recorded research test-materials were presented via a tape 
recorder/reproducer (Akai, Model 1722W). The voltage output of 
the tape recorder/reproducer was monitored with a vacuum-tube 
voltmeter (VTVM) (Hewlett-Packard, Model 400HR) and was used in 
lieu of the audiometer VU meter. The monitored output was 
connected to the appropriate input of the clinical audiometer. 
The output of the audiometer was fed to an impedance-matched 
loudspeaker located in the test room. (Appendix B contains a 
block-diagram of the test room and testing instrumentation.) All 
equipment was calibrated in accordance with appropriate American 
National Standard Institute (ANSI) specifications. Detailed 
calibration procedures and measurement data for the equipment 
used in the present study are contained in Appendix C. 
Test Materials 
A magnetic tape-recording of a commonly used recorded 
(Tillman & Olsen, 1973) auditory speech-discrimination test 
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(Northwestern University, Auditory Test #6 [NU6], Form B, lists 1 
through 4) was employed to assess speech discrimination in quiet. 
Speech-discrimination performance in noise was assessed using a 
tape recording of NU6 (Form D) pre-recorded at a signal-to-noise 
ratio of zero. Spondee thresholds (ST) were obtained using 
recorded (Central Institute for the Deaf [CID]) spondaically 
stressed words (Tillman recording, 1973). 
The hearing aids used in the present study were two 
commercially available, all-in-the-ear (ITE) aids (Qualitone, 
Super-Module) which were adjusted so that their electroacoustic 
frequency-response differed only in the HF cut-off. The 
gain-setting of each hearing aid was not adjusted at any time 
during the present investigation. Aid #1 (Receiver Series ED) 
demonstrated an extended, or wide-band (VJB), smooth frequency 
response which encompassed the range of 300 Hz to 7000 Hz. 
Hearing aid #2 (Receiver Series BK) demonstrated a more 
restricted, or narrow-band (NB) frequency range of 380 Hz to 5000 
Hz. Figure 1 shows the frequency responses of the two systems as 
measured in a 2 cu.cm. coupler in accordance with current ANSI 
standard specifications (ANSI, S3.22, 1976). A description of 
the procedures used for matching the hearing-aid frequency 
responses is provided in Appendix D. The hearing aids were 
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FIGURE 1 
Frequency responses ot the two hearing aids used by the present 
investigation (frequency response of the narrow-band hearing aid 
is indicated by the lighter line, the frequency response of the 
wide-band hearing-aid is indicated by the darker line). 
^ Potentiometer Range: 50 dB Rectifier: RMS Lower Lim. Freq.: Hz Wr. Speed:AQ^Q—mm/sec. 
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secured in the subjects" ear using a hypoallergenic sealing 
material. The frequency response of each aid was measured prior 
to, and following the test-data collection in accordance with 
ANSI (1976). In addition, electroacoustic measurements were 
obtained for both aids, and revealed that the hearing-aid 
characteristics complied with the standard's specifications 
(refer to Appendix E for results of the electroacoustic 
analyses) . 
Sub iect Selection 
Eight adults (seven males and one female), with moderate to 
severe sensorineural hearing-impairments, were chosen for 
participation in the present study. They were selected on the 
basis of results from audiological evaluations conducted at the 
University of Montana Speech, Hearing, and Language Clinic. They 
ranged in age from 34 to 80 years with a mean age of 53.7 years. 
Each subject exhibited minimal hearing loss (thresholds no 
greater than 20-dB Hearing Level [HL, re: ANSI, 1969]) for the 
frequencies between 250 Hz and 1000 Hz (inclusive). In addition, 
subjects demonstrated a moderate to severe sensorineural hearing 
impairment in the frequencies between 1500 Hz and 8000 Hz (but no 
thresholds greater than 70-dB HL at any frequency) . Subject 
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selection was based upon audiological findings which were 
consistent with cochlear pathology (specific criteria for subject 
eligibility, pure-tone air conduction threshold results, and 
listener-consent form are contained in Appendix F). 
Procedure 
During the test procedures, each subject was seated in a 
sound-insulated test booth one meter from the loudspeaker at a 
0-degree azimuth. The following commonly used audiologic tests 
were administered to each subject (refer to Appendix G for 
specific test instructions to the subjects): 
1. Spondee threshold (ST): utilizing the Olsen and Tillman 
Method (Tillman & Olsen, 19?3). 
2. Speech discrimination in quiet: utilizing stimulus words 
presented at 50-dB HL (approximately normal 
conversation-level [Dunn and White, 1940 (cited in 
Kiukaanniemi, 1980)]). 
3. Loudness-discomfort level (LDL): using speech noise 
increased at a constant rate of 5-dB/s by the 
'automatic-drive' (Bekesy) control of the audiometer. 
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4. Speech discrimination in noise: employing stimuli presented 
at 50-dB HL in the presence of white noise at a 
signal-to-noise ratio (S/N) of 0. 
The tests were administered in the above order under three 
counterbalanced, experimental conditions (refer to Appendix H for 
counterbalancing procedures) 
1 . Unaided. 
2. Aided with the NB aid. 
3. Aided with the WB aid. 
In order to control for possible examiner bias, the hearing 
aids for each trial were chosen and manipulated by an assistant. 
At the conclusion of each aided trial, the subjects were 
requested to provide any subjective impression(s) they might have 
formulated regarding the amplification system just tested. In 
addition, the subjects were asked to state their preference (if 
any) for either amplification device. Refer to Appendix I for 
the list of' questions used in the present study to evoke the 
subjective impressions and preferences from the subjects. 
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CHAPTER III 
RESULTS 
The results were analyzed first for the eight subjects as 
one group, and then, with the subjects divided into two groups, 
contingent upon their audiometric configuration. 
Sub iects As One Group 
Speech Discriminat ion. Analysis of speech discrimination 
performance scores obtained in quiet (SDSq) and in noise (SDSn) 
were compared for each of the three test conditions (unaided, 
aided with the NB hearing aid, and aided with the WB hearing aid) 
for each subject. In addition, phonemic-analysis scores in quiet 
(PAq) and in noise (PAn) were obtained for each subject. 
Phonemic-analysis scores were based upon the ratio of the number 
of phonemes missed to the total number of phonemes tested (given 
three phonemes per word in the 50-word NU6 test lists). 
Significant differences between the performance scores obtained 
for each condition were determined at the 0.10 level of 
confidence, utilizing the confidence intervals for critical 
differences (Raffin and Thorton, 1980; Thorton and Raffin, 
19f?) . Detailed results of speech-discrimination and 
phonemic-analysis scores are located in Appendix J. 
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There was a total of 96 paired comparisons (3 conditions by 
4 analyses by 8 subjects). Only 16 of these values indicated a 
significant main-effect for a test condition. Ten of the 
significant values indicated that a subject demonstrated an 
improved speech-discrimination score or an improved 
phonemic-analysis score in an aided condition when compared to 
the respective unaided performance-score. The remaining six 
significant values indicated that a subject received better 
performance-scores when unaided than when aided. Table 1 
provides a summary of the 16 significant performance-score pairs 
and the subjects and conditions for which they occurred. 
In summary, results of the investigation, as they relate to 
speech discrimination, revealed that, as a group, subjects did 
not demonstrate improved speech-discrimination scores nor 
improved phonemic analysis-scores aided with the WB hearing aid 
compared to the unaided condition. In general, benefits of the 
WB aid over the NB aid were not apparent based on these 
measurements. In addition, when an amplification effect was 
noted for any given subject, it was not consistent across the 
four analyses, and typically, was peculiar to only one analysis. 
Spondee Threshold. Analyses of variance (ANOVA) were computed 
using a software program initiated by Ullrich and Pitz (1981) 
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TABLE 1 
SIGNIFICANT CONDITION EFFECTS 
Summary of the 16 significant paired comparisons: Test 
Conditions (unaided [UN], aided with the wide-band hearing aid 
[WB] , and aided with the narrow-band hearing aid [NB]), Listening 
Condition (speech discrimination in quiet [SDq], speech 
discrimination in noise [SDn], phonemic analysis in quiet [PAq], 
and phonemic analysis in noise [PAn], by subject (SUBJ.). 
1 SUBJ . I I 
1 1 i 
SDq 1 
| 
SDn 1 
- | = 
PAq PAn 1 
| 1 1 1 
13 II 
1 1 1 
I I I 
i 
1 
1 
| . 
1 
1 WB 
1 
- 1 
over NB UK 
NB 
over 
over 
i 
WB | 
WB I 
I 1 1 1 
15 II 
1 1 1 
I - l I 
NB over 
I 
WB | 
1 
1 -
1 
1 UN 
1 NB 
- 1 - -
over 
over 
WB 
WB 
1 
1 
1 
| I ll 
16 II 
i 1 1 
I - ll 
1 
1 
1 
1 -
1 
1 
1 
- 1 
UN 
NB 
over 
over 
1 
WB | 
WB | 
| I ll 
17 II 
I I l 
VJB over 
1 
NB I 
1 -
l 
1 
- 1 - -
UN over 
1 
NB I 
- 1 I i I 
18 II 
1 1 1 
NB 
NB 
over 
over 
1 
UN I 
WB 1 
1 
1 NB 
1 NB 
over 
over 
WB 
UN 
UN 
UN 
over 
over 
1 
NB 1 
WB | 
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implemented with a computer system (DECsystem, 20) to determine 
the effects of amplification on the subjects' ST. The 0.10 level 
of confidence was retained for these analyses. The results of 
the ST ANOVA computed for the eight subjects as one group failed 
to demonstrate the presence of significant condition effects 
(probability [P] = 0.3902). That is, the spondee thresholds 
obtained under unaided conditions did not differ from those 
obtained under either the NB-aid or the WB-aid condition, and 
those obtained under the two aided conditions did not differ from 
each other. In addition, the largest shift in threshold was 16 
dB. A table summarizing the results of the ANOVA is contained in 
Appendix K. A table of subjects' ST values by condition is 
provided in Appendix L. 
Loudness-Discomfort Level. An ANOVA (Ullrich and Pitz, 1981), 
was computed using the 0.10 level of confidence to determine the 
effects of amplification on subjects' LDL (a table of subjects' 
LDL by condition is included in Appendix M). Results of the 
analysis revealed a significant condition effect (P = 0.01225). 
A comparison' of the mean LDL values for each condition was 
performed using the Tukey Studentized Range Technique retaining 
the 0.10 level of confidence to determine the source of the 
significant effect (Kirk, 1968; Pearson and Hartley ; 1966). The 
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results of the Tukey analysis revealed that the LDL of the eight 
subjects was significantly reduced (worse) under the NB condition 
when compared to their unaided and WB LDL. There was not a 
significant difference between subjects' unaided LDL and. WB-aid 
LDL (refer to tables 2 and 3 for a summary of the ANOVA and Tukey 
analyses). 
Group A versus Group IS 
Results of subjects' speech-discrimination performance 
scores and phonemic analysis scores also were examined by placing 
subjects into groups based on mean pure-tone threshold 
audiometric configuration. Specifically, the subjects were 
placed into either of two groups according to the frequency at 
which they began to demonstrate a high-frequency hearing 
impairment. Thus, subjects whose impairment began at a frequency 
less than 2000 Kz were placed in Group A, while those whose 
impairment began at a frequency greater than 2000 Hz were 
assigned to Group B (none of the subjects demonstrated an 
impairment which began at 2000 Hz). Four subjects (subjects 3, 
6, ?, and 8) were placed in Group A, and four subjects (subjects 
1, 2, 4, and 5) were placed in Group B. A summary of the groups' 
mean pure-tone thresholds for 1000 and 2000 Hz is provided in 
Appendix N. 
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TABLE 2 
LOUDNESS-DISCOMFORT LEVEL: ANOVA SUMMARY TABLE 
Subjects as One Group 
Analysis-of-variance (ANOVA) results for loudness-discomfort 
level measurements as a function of Condition (T) [unaided versus 
aided with the narrow-band hearing-aid versus aided with the 
wide-band hearing-aid]. 
I SOURCE I I SUM OF SQUARES I MEAN SQUARE| DF |F-RATIO| PROB. I 
I T II 451.7-50 I 225.865 I 2 I 6.118 I 0.01225 I 
I Error II 516.917- I 36.922 | 14 I I I 
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TABLE 3 
TUKEY ANALYSIS FOR SIGNIFICANT LOUDNESS-DISCOMFORT LEVELS 
SUBJECTS AS ONE GROUP 
Difference between loudness discomfort level means by test 
condition (unaided [UN] , aided with the wide-band hearing aid 
[WB], and aided with the narrow-band hearing aid [NB]). Means 
have been rounded to one decimal place, differences between means 
have not. 
1 
1 
1 
1(63 
NB 
.1 dB) (68 
WB 1 
.6 dB)1 
I 
|UN(?3.? 
1 _ 
dB) 1 10 
I _ 
.625* 5 
1 
.130 1 
1 1 
1NB(63.1 dB) 1 — 5 
I 
.500* 1 
* Exceeds the honestly significant 
difference of 5.131 at the 0.10 
level of confidence. 
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Speech Discrimination. Significant amplification-effects (at the 
0.10 level of confidence) were observed for all subjects in Group 
A and for one subject in Group B (Subject 5). 
Spondee Threshold• An ANOVA for ST was computed with the 
subjects assigned to the two groups as defined above. The 
results of this analysis failed to reveal a 
Group-by-Amplification interaction, nor was there a simple main 
Condition effect, but a significant simple main effect for groups 
was noted (P = 0.0328). Group A's mean ST of about 20 dB is less 
sensitive than Group B's mean ST of 15 dB. This 5-dB difference 
may not be considered significant from a clinically relevant 
standpoint. A summary of this analysis may be found in Appendix 
0. 
Loudness-Discomfort Level. The results of the LDL ANOVA computed 
for the subjects separated into the two groups revealed a 
Group-by-Condition interaction. The summary of this ANOVA may be 
found in Table 4. To delineate the sources of this interaction, 
a Tukey Studentized Range technique (Kirk, 1968; Pearson and 
Hartley, 1966) was applied to the data. The 0.10 level of 
confidence was retained for this analysis. This technique, the 
results of which are shown in tables 5, 6, and 7, is used to 
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TABLE 4 
LOUDNESS-DISCOMFORT LEVEL: ANOVA SUMMARY TABLE 
Subjects as Two Groups 
Analysis-of-variance (ANOVA) summary table for 
loudness-ciiscomfort level measurements as a function of Group (G) 
[hearing impairment beginning at a frequency less than 2000 Hz 
(Group A) versus hearing loss beginning at a frequency greater 
than 2000 Hz (Group B)] by condition (T) [unaided versus aided 
with the narrow-band hearing-aid versus aided with the wide-band 
hearing-aid]. 
I SOURCE I | SUM OF SQUARES 
I i 
MEAN SQUARE| DF 1 F-RATIOI 
- I I 
PROB. I 
I 1 
i G 
1 1 
II 988.167 
1 -
988.167 1 1 
- 1 1 
1 6.395 1 
1 
0.04370 1 
1 Error 
i 
1 1 927.167 
l i 
154.528 I 
1 
6 1 1 
-1 - l 
1 
1 1 
i T 
I I 
II 451.750 
I 
225.875 1 2 
I I 
1 8.582 1 
l 
0.00511 1 
I Error 
1 
1 1 315 .833 
l i 
212.319 1 
1. 
12 1 1 
I i 
1 
_ i 1 
I GxT 
I I 
II 201.083 
I 
100.542 | 2 
I I 
1 3.820 1 
I 
0.05115 1 
I Error 1 1 315 .833 212.319 1 12 1 1 1 
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TABLE 5 
TUKEY ANALYSIS FOR LOUDNESS-DISCOMFORT LEVEL 
GROUP A 
Difference between means by condition (unaided [UN], aided with 
the wide-band hearing aid [WB] and aided with the narrow-band 
hearing aid [NB]). 
I CONDITION 
I 
I MEAN | UN WB NB I 
1 
1 UN 
1 
64 
i 
.75001 - 4.00 
1 
4.25 1 
- 1 1 
I WB 
1 
_ 
60 •
 
i 1 
Ui
 
1 
O
 
1 
O
 
1 1 1 
- 0.25 1 
l 1 
1 NB 60 
1 
.50001 -
1 
*means exceed the honestly significant difference 
of 4.278 
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TABLE 6 
TUKEY ANALYSIS FOR LOUDNESS-DISCOMFORT LEVEL 
GROUP B 
Difference between means by condition (unaided [UN], aided with 
the wide-band hearing aid [WB] and aided with the narrow-band 
hearing aid [NB]). 
I CONDITION MEAN | UN WB NB | 
I 1 
1 UN 
1 
82 .75 1 
- — I. 
— 6.25 
1 
17.15*1 
- 1 1 
I WB 
1 
76 
1 
.50 I 
I -
— — 
1 
10.90 1 
l 1 
1 NB 65 
1 
.60 1 — — 
I 
*Means exceed the honestly significant difference 
of 12.185 
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TABLE ? 
TUKEY ANALYSIS FOR DIFFERENCES 
BETWEEN GROUPS BY CONDITION 
Analysis of differences between Group A (hearing impairment 
beginning at less than 2000 Hz) and Group B (hearing impairment 
beginning at a frequency greater than 2000 Hz). 
1 1 
1 1 
1 1 
1 UN 
GROUP B 
NB 
1 
WB | 
I 1 1 
1 UN | 
1 - - 1 
1 If.000* 
1 
1 
1 1 1 
I GROUP A NB | 
1 | 
5.1000 
1 
1 
_ 1 1 1 
1 WB I 
1 
15.750* 1 
*lleans exceed the Honestly Significant Difference 
of 6.422 
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calculate "critical differences" between means against which the 
differences obtained in the sample may be compared. Results of 
this analysis indicated that for Group A, LDL did not differ as a 
function of the three test conditions. Differences, however, 
were demonstrated for Group B; For the subjects in Group B, LDL 
was significantly reduced (worse) for the NB condition as 
compared to the unaided condition. The WB LDL however, did not 
differ from the unaided or NB LDL. When aided with the NB aid, 
the Group B subjects' LDL did not differ from any LDL of the 
subjects in Group A. The group by condition interaction is 
plotted in Appendix P. 
Further evaluation of this anlysis indicated that the mean 
LDL for Group B was better (obtained at greater sound-pressure 
levels) than for Group A in the unaided condition and in the WB 
condition. The NB hearing-aid, however, did not differentiate 
between the two groups based on LDL measurements. 
Page 23 
Sub ject Preference 
A comparison was made of the subjects' stated hearing aid 
preference and the results of the audiologic tests used in the 
present study. Only two subjects (subjects 7, and 8) indicated a 
preference for a hearing aid that was in agreement with the 
analyses of speech-discrimination and phonemic-analysis scores. 
In addition only these two subjects yielded more sensitive ST and 
improved LDL (reached at greater sound-pressure-levels) with 
their respective preferra i.ids than for the unaided and 
alternate aided conditions. Appendix Q contains specific 
information regarding agreement between subject hearing-aid 
preference and test-performance results . 
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CHAPTER IV 
DISCUSSION 
The purpose of the present investigation was to examine the 
effects of extended frequency-response amplification on 
high-frequency (HF), hearing-impaired subjects' ST, LDL, and 
speech-discrimination performance scores. Two ITE hearing aids 
were used in the study which differed only in the high-frequency 
range of their frequency responses. 
The procedures used in the present investigation were 
structured to control for variables that could alter the 
frequency response of the hearing aids. The gain of the hearing 
aids was pre-set and not altered during the experiment to allow 
for comparison of frequency-response effects between aids without 
the involvement of gain effects. In addition, the hearing aids 
were fitted into each subjects' ear in the same way, so that the 
overall response of the two amplification systems 
(hearing-aid/earmold combinations) would differ only in their 
high-frequency response. 
Page 25 
It is difficult to compare the results of the present 
investigation with previous research. A meticulous review of 
published research regarding HF-EMPHASIS amplification has failed 
to produce a study in which the singular effect of extended 
frequency-response was examined without confounding this effect 
with other characteristics (e.g.; gain, saturation 
sound-pressure-level, tone control, earmold characteristics, 
etc. ..) . Researchers have allowed subjects to manipulate gain to 
a most-comfortable level for each experimental aid, thus the 
effects of frequency response could not be compared between aids 
due to involvement of gain effects (Harford and Fox, 197-8; 
Lawton ana Cafarelli, 1978; Pascoe, 1975; Schwartz et al.. 
1979) . 
Comparison of the results of the present investigation with 
previous research also is limited by the discrepancies in the 
range and extent of subjects' hearing loss reported in the 
literature. The subjects in a study by Pascoe (1975), 
demonstrated a mild-to-moderate hearing loss with a pure-tone 
average ranging from 30 to 60-dB HL. Thus, results of his study 
reflected effects of amplification on low frequency hearing loss 
as well as greater hearing loss in the higher frequencies. Other 
investigators were less descriptive regarding subjects' hearing 
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loss and did not specify threshold values but used general terms 
such as "bilaterally symetrical HF, sensorineural loss" (Schwartz 
et al. , 1979) or "mild-to-moderate, broad, flat loss" (Harford 
and Fox, 1978) . 
Results of the present study indicated that there were 
significant differences in subject performance on the tests used 
i 
in the experiment depending on the frequency range at which the 
hearing loss began, although all of the subjects demonstrated an 
HF, sensorineural hearing loss with normal hearing through 1000 
Hz. This finding was evidenced for the ST measurements where 
Group A achieved poorer spondee thresholds than did Group B. 
That the two groups were differentiated on the basis of ST values 
does not agree with research regarding the prediction of ST by 
audiometric configuration. Research has indicated that for 
subjects with, marked HF hearing losses (slope greater than 10-dB 
per octave), the best predictor of ST is their pure-tone average 
at 500 Hz and 1000 Hz, with 500 Hz being weighed twice as heavily 
as 1000 Hz (Carhart and Porter, 1971). If that were the case, 
then there should not have been differences between the ST 
obtained for Group A and those obtained for Group B as their mean 
pure-tone threshold averages at 500 Hz and 1000 Hz did not differ 
significantly. The results of the present study suggest that 
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hearing impairment in the high frequencies may affect the 
sensitivity of ST values. 
Results of LDL measurements also revealed significant 
differences between the two groups. The finding that unaided LDL 
of subjects in group A was significantly worse than that of Group 
B, can be explained by examining the frequency range at which the 
two groups' hearing losses occurred. The subjects in group A may 
have experienced an abnormally rapid increase of loudness at 
high-intensity levels in the frequency range at which they 
exhibited the hearing loss (frequencies greater than 1000 Kz). 
Although the subjects in Group B also demonstrated a HF hearing 
loss, they were able to tolerate an additional (as compared to 
Group A) 18 dB of noise unaided and an additional 16 dB with the 
WB aid before they indicated the noise was at an uncomfortable 
level. It would seem then that a hearing loss in the frequency 
range including 1500-2500Hz is critical for determining a 
subjects' ability to tolerate increased intensity noise levels. 
The LDL of Group A was not affected by either amplification 
device. The LDL of the subjects in Group B however, was 
significantly reduced for the NB aid condition but not for the WB 
condition (as compared to unaided LDL). The mean difference 
between Group B's NB-LDL and WB-LDL was 9 to 10 dB approximately. 
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The HB hearing-aid provided 2 to 6 dB more amplification in the 
frequency range 1500 - 2500 Hz, than did the WB hearing aid 
(refer to Figure 1). The additional 2-6 dB of amplification 
provided by the NB aid (in the frequency range which seemed to be 
critical to a subjects' noise tolerance), may have caused the 
subjects to perceive a sudden increase in loudness. However, the 
additional amplification of the NB-aid can not account for the 
significant reduction in Group B's NB-LDL completely and further 
investigation is required to determine the cause of this effect. 
Although all eight subjects demonstrated a sloping HF 
sensorineural hearing loss, the effect of amplification on 
speech-discrimination performance scores was significantly 
different for the two groups. Specifically, subjects in Group A 
demonstrated improved speech-discrimination scores primarily when 
aided with the NB aid or when unaided, while significant 
amplification-effects were demonstrated by only one subject in 
Group B. The results of the present investigation indicated that 
extended amplification in the HF region usually was not 
beneficial and occasionally was detrimental (the aided 
speech-discrimination performance scores sometimes were worse 
than the unaided speech-discrimination performance scores), 
primarily for the subjects in Group A. These findings could not 
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have been predicted from relating amount of amplification 
provided by a hearing aid with the frequency region at which the 
hearing loss was exhibited. In fact, the findings of the present 
study are in direct conflict with a specific conclusion drawn by 
Pascoe (1975). Pascoe stated: 
"The critical range of frequencies where even 
minor changes in [frequency] response may have 
significant effects on word discrimination 
includes frequencies between 2000, 5000, and 6300 
Hz." (p .33 ) . 
The WB hearing-aid used in the present study provided 
amplification (which the NB aid did not provide) in the "critical 
range" described by Pascoe. However for three subjects, the 
extended frequency-response did not differentiate 
speech-discrimination scores from the unaided or NB conditions. 
Published research also has concluded that a WB hearing-aid 
has been most beneficial in improving speech-discrimination 
performance in the presence of noise (Harford and Fox, 1978; 
Pascoe, 1975; Schwartz et^ a_L., 1978). The results of the 
present study revealed that none of the subjects demonstrated 
improved speech-discrimination performance for either the NB or 
the WB condition in noise, and none of the subjects exhibited 
improved phonemic performance with the WB aid in noise. 
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CHAPTER V 
CONCLUSIONS 
Any conclusions derived from data analyses acquired in the 
present investigation must take into account the fact that a 0.10 
level-of-confidence was chosen for the determination of 
significance of effects and interactions. Out of a possible 116 
tests or comparisons administered in the course of the data 
analysis, 26 were significant. This ratio represents 
approximately 20% of the number of analyses administered. By 
definition, by chance alone, one would have expected 
approximately 12 tests or comparisons to yield significant 
results. Had the 0.05 level-of-confidence been chosen, 12 of the 
116 tests would have yielded significant results. Thus, there 
still remain approximately twice as many significant effects as 
expected by chance alone. 
Further research is required in order to determine whether 
WB amplification can benefit HF hearing-impaired individuals. 
Only through careful examination and control of interacting 
variables can experimenters hope to define a more precise and 
efficient hearing-aid fitting procedure as it applies to 
wide-band amplification systems. It is recommended that the 
benefits of extended-range amplification be studied for subjects 
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with reduced noise-tolerance levels. In addition, there must be 
increased research into developing sensitive and clinically 
useful tests that can relate a patient's amplification preference 
to her/his speech-discrimination performance. It is suggested 
that by placing hearing-impaired persons into groups according to 
audiometric configuration, perhaps erroneous assumptions have 
been made. For example, the*subjects in the present study could 
all be placed in the general category of high-frequency hearing 
impaired. However; the results of the audiologic tests used in 
the study indicated that these individuals performed as two 
groups according to the frequency at which their high-frequency 
loss began. 
Further studies are needed to clearly establish the 
relationship between extended frequency amplification and its 
usefulness for persons with HF sensorineural hearing losses. 
Researchers need to isolate and examine, systematically, 
variables (such as hearing aid - earmold characteristics, and 
subjective percepts experienced by patients) for their effect on 
the extended-frequency response amplification. Once the effect 
of each of the variables is known, then their interactive effects 
can be studied. 
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APPENDIX A 
HISTORICAL REVIEW 
Noise and Speech Intelligibility 
The deleterious effects of noise on speech intelligibility 
may be attributed, in part, to masking. As the noise 
intensity-level increases relative to the intensity level of the 
speech signal, a progressively greater number of speech sounds 
become unintelligible. Most listening situations are a mixture 
of a signal of interest (usually speech) and competition from 
unwanted sounds. The amount of interference that a listener 
receives may be the result of an interaction between signal type 
and the type of competition. Thus, the effects of competition on 
speech intelligibility (with reference to the respective aspects 
of the desired signal) is a function of: 
1. The relative intensity of the competition, 
2. The relative frequency characteristics of the competition, 
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3. The relative temporal characteristics of the competition. 
Niemeyer (19?6) defined three main types of interfering 
signals: 1. Delayed echo (reverberation); 2. Environmental; 
and 3. Simultaneous speaking. Specific home or work conditions 
of an individual will dictate the type of noise that is most 
often the cause of interference. 
For individuals with normal hearing, the intelligibility of 
the speech signal will be maintained as long as the intensity of 
the speech signal is increased in proportion to the intensity of 
the masking noise according to Shapiro, et_ a_l. (197-2) . These 
investigators found that individuals with a sensorineural hearing 
loss (SNHL) demonstrated less improvement in 
speech-discrimination test scores than did normal-hearing 
individuals when the intensity of the speech signal was increased 
with respect to that of a competing noise signal. Other 
researchers have reported similar effects of background noise on 
the speech-discrimination ability of SNHL populations (Cooper and 
Cutts, 19^1; Niemeyer, 1976; Pascoe, 19?5). 
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Carhart and Tillman (1970) studied the effects of a 
competing speech signal on the speech-discrimination ability of 
individuals with an SNHL. They found that these hearing-impaired 
individuals exhibited significantly reduced speech-discrimination 
scores as compared to individuals with conductive hearing losses 
or normal-hearing individuals. Similar findings also were 
reported by Tillman, Carhart, and Olsen (19il0). These 
investigators indicated that the masking effect produced by the 
competing sentences appeared to be greater for patients afflicted 
with SNHL than for normal-hearing individuals. In order to 
explain the reasons that the hearing-impaired individual has poor 
speech discrimination in the presence of competing noise, one 
must examine the relationship of the speech spectrum with human 
hearing limitations. 
Speech Intelligibility and the Speech Spectrum 
In quiet, connected speech sounds are spread redundantly 
over a wide frequency range (Barford, 1979)- This spread of 
speech sounds is sufficient to transmit understandable 
information. Most of the acoustic energy of speech sounds is 
distributed in the range of 400 Hz to 3,000 Hz (Triantos and 
McCandless, 19?4) . However, some sounds have acoustic energy at 
frequencies less than 400 Hz, while other sounds may have 
Page 41 
acoustic energy at frequencies greater than 8,000 Hz. There is a 
different spectral distribution for each speech sound, which 
influences the relative intelligibility of speech (Gerber, 197-4). 
Table A1 provides information regarding the specific frequency 
ranges for some consonant sounds. These data may be considered 
only as approximations, however, since the spectral distribution 
of speech sounds is influenced by the surrounding sounds, and 
trans it ions . 
It is critical to examine the contributions of vowel and 
consonant intensity and frequency to the intelligibility of a 
speech signal. Gerber (197-4) found that the acoustic energy of 
speech at frequencies greater than 1,000 Hz is provided primarily 
by consonants and conveys most (60%) of the signal information or 
speech intelligibility, but that it contributes minimally (5%) to 
the intensity of the signal. The lower frequencies (below 500 
Hz) provided most of the signal intensity (60%), but minimal 
information (5%). The acoustic energy in this frequency range is 
provided primarily by vowels. Table A2 provides information 
concerning the speech intelligibility and speech intensity as a 
function of the frequency content of speech sounds. 
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TABLE A1 
FREQUENCY RANGES FOR SOME CONSONANT SOUNDS 
(from Jeffers, 1969) 
CONSONANT LOWER LIMIT UPPER LIMIT 
/f/ 1,500-17,000 Hz to 7,000-15,000 Hz 
The upper frequency-limit is usually around 7,500 Hz; 
rarely below 7,000 Hz. 
/s/ Above 3,500 Hz to above 8,000 Hz. 
The lowest frequency-component is found above 
3,500 Hz and the highest is above 8,000 Hz in 
most cases . The highest energy is often found from 
9,000 to 10,000 Hz. 
There is no apparent pattern to the peaks of energy 
except that they do not lie closer to each other than 
1,000 Hz. 
/ts/ 500 Hz to 4,800-6,400 Hz. 
Intensity maxima are found from 1,500 to 1,600 Hz 
and around 2,800; 3,000; and 3,600 Hz. 
/p/ 900 Hz to 3,600-3,800 Hz. 
Peaks of energy at 1,000 Hz, 500-600 Hz, and 
3,600 Hz. 
I d /  90-196 Hz to 2,800-3,800 Hz. 
Peaks of energy at 79-196 Hz, 500-600 Hz, and 
2,800-3,200 Hz. 
/g/ 100-300 Hz to 3,000-4,000 Hz. 
Peaks of energy at 84-190 Hz, 550-600 Kz, 1,400-
1,600 Hz, 2,800 Hz, 3,600 Hz, and 4,000 Hz. 
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TABLE A2 
PERCENT SPEECH POWER VERSUS PERCENT CONTRIBUTION 
TO SPEECH INTELLIGIBILITY 
(from Gerber, 197-4) 
FREQUENCY RANGE PERCENTAGE PERCENTAGE 
Hz SPEECH INTENSITY INTELLIGIBILITY 
62-125 5—1 —I 1 I 
125-250 13 1—60 I 1 |—5 
250-500 42—1- 1—95 3 1 
500-1000 35 — I 35 —I 
1000-2000 3—1 35—1 I 
2000-4000 1 1—5 13 I —60 I —95 
4000-8000 1—1 12—1 —I 
Page 44 
Speech perception also is dependent somewhat on the 
relationship between formants of speech (Saunders, 19?•?) . A 
formant can be defined as a concentration of acoustic energy, and 
is present in all vowels and voiced consonants. The formants 
conventionally are numbered from the lowest frequency region to 
progressively higher frequencies that contain acoustic energy 
(Saunders, 197-?). Saunders (19?-?) reported that the first and 
second formants (F1 and F2) seem to be the most critical to the 
perception of speech sounds. However, Gerber (1974) stated that 
Fl and F2 contribute the most acoustic information for the 
definition of vowel sounds. Research has shov/n that important 
perceptual cues also are provided by the direction and extent of 
change in formant transitions (Cooper, et^ a^., 1952 [cited in 
Dubno and Levitt, 1981])- The formants of a sound will vary with 
the speaker and the specific sound produced. 
In summary, the speech sounds are spread across a broad 
frequency spectrum. The energy of the consonants of speech 
generally are greater in the higher frequencies and provide most 
of the important cues needed for intelligibility. The vowels of 
speech are lower in frequency and provide most of the intensity 
of a speech signal. The ability of an individual to recognize a 
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message is dependent upon the reception and processing of 
identical information simultaneously conveyed in the different 
frequency regions (Barford, 1979). If some of this redundancy is 
removed (as with a hearing impairment), however, correct 
perception will be more vulnerable to the detrimental effects of 
noise (Barford, 197-9). 
Speech Discrimination and Hearing Loss 
A common characteristic of most individuals afflicted with 
SNHL is that they have difficulty understanding speech, 
specifically their discrimination of consonant sounds is poorer 
than their discrimination of vowels (Picket, et_ a_l., 1972 [cited 
in Barford, 197-9]). Barford (1979) attributes this difficulty 
partially to the brief transition in vowel formant frequencies 
which occur when consonant and vowels are coarticulated. Further 
explanation as to how formant transitions can affect speeech 
discrimination was provided by Danaher, Osberger, and Picket 
(1973). They found in their study that most hearing-impaired 
persons had discrimination thresholds similar to normal-hearing 
subjects when F2 (mid-frequency) was presented by itself. 
However, when F2 was presented at listeners' most comfortable 
loudness level in the presence of the lower Fl formant 
(speech-like condition), discrimination scores were reduced 
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considerably. They attributed this effect to the remote masking 
effects produced by low frequency formants which interfere with 
the discrimination of transitions in higher frequency formants. 
French and Steinberg (194?, [cited in Schwartz, et_ aj^., 1979]) 
also reported that a decrease in speech discrimination ability 
can be caused partly by speech sounds in one region masking out 
speech sounds in other frequency regions. Research has shown 
that there is some relationship between the audiometric 
configuration of the hearing loss and the interference of F1 
transitions on speech discrimination. Danaher et^ £il. (1973) 
found that the greater the high-frequency loss, the poorer the 
discrimination thresholds for Fl and F2. 
Niemeyer (19?6), applied this kind of masking information to 
"everyday environment" situations. He stated that although 
background noise is generally from a more distant source, it is 
almost always present in everyday acoustic settings. When the 
background noise is received by a listener, most of the high 
frequencies have been damped out by air and other medias, but the 
low frequencies, not as vulnerable to damping as high 
frequencies, generally remain unaffected. The result is a noise 
that reaches a maximum intensity in the low-frequency range. 
There then may be selective masking by the lower speech 
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frequencies. Niemeyer found that individuals with normal hearing 
or those demonstrating the audiometric configuration of a flat 
loss are minimally affected by the resultant masking as they are 
able to compensate for the reduction in information through the 
redundancy provided in the higher frequencies. However, an 
individual demonstrating a high-frequency hearing loss does not 
receive as much redundancy in the signal and may miss the 
informat ion. 
Identification of some phoneme-specific information at high 
frequencies involves the phonemes: /s/, /§/ (as in shoe), /t§/ 
(as in chirp), /d3/ (as in judge), initial /t/, and /©/ (as in 
thing). Owens, Schubert, and Benedict (19?2) found that the 
aforementioned phonemes can be identified easily by patients 
exhibiting flat, pure-tone audiometric configurations (flat 
between 500 and 8,000 Hz). Patients with mild or sharply sloping 
audiograms (slope from 500 to 4,000 Hz) had more difficulty 
identifyng the phonemes. It is apparent, then, that a 
relationship exists between configuration of hearing loss and the 
perception of speech sounds. The definition of this relationship 
may contribute to the understanding of the problems of 
hearing-impaired individuals. The addition of competing 
background signals may be shown to aggravate these problems. 
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Evaluating Hearing Loss in Noise 
Most hearing losses in the adult population probably 
developed slowly, allowing for gradual adaptation to the loss. 
Since the individual has adapted to the loss, listening problems 
may be most evident in difficult listening situations Therefore, 
when considering amplification options, it is essential that the 
audiometric test conditions closely approximate the individual's 
everyday listening situations (Barford, 1979; Cooper and Cutts, 
1971; Niemeyer, 19?6) . This implies that the individual's 
understanding of speech material be assessed not only in quiet 
conditions but also in conditions of competing signals. This can 
be especially valuable in the clinical assessment of the 
speech-discrimination abilities of individuals with a 
high-frequency hearing loss as their speech discrimination is 
affected significantly by the upward-spread of masking effect; 
more so than individuals with a flat loss or normal hearing 
(Niemeyer, 19?6). 
A number of different types of noise signals have been used 
to evaluate an individual's aided speech-discrimination 
performance, including white noise, filtered noise, cafeteria 
noise, speech-noise, and competing speech messages (Cooper and 
Cutts, 197-1; Niemeyer, 19?6; Tillman, Carhart, and Olsen, 1970; 
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Triantos and McCandless, 197-4). 
According to a recent study of hearing aid fitting practices 
(Siualdino and Koene, 1981) 80% of the respondents used a 
competing signal condition in evaluating an individual's aided 
speech discrimination ability. The competing signal most often 
used was a speech spectrum noise (37-.?%) and secondly, white 
noise (24.6%) . 
Most individuals demonstrating a sensorineural hearing 
impairment have some difficulty discriminating speech, especially 
in the presence of a competing signal. In order to provide 
appropriate amplification for hearing-impaired persons, most 
evaluation procedures include the assessment of the person's 
discrimination abilities in the presence of some type of noise. 
Amplification for High Frequency Hearing-Impaired Persons 
Hearing aids have progressed from crude trumpet-like devices 
through cumbersome vacuum-tube aids to smaller wearable 
transistorized aids. As electronic technology has allowed for 
greater miniaturization of components, the hearing aid has become 
smaller and more versatile. The popularity of the miniature 
hearing aid is substantiated by the increased usage of 
All-In-The-Ear aids (ITE) (Sommers, 1980; Wernick, 1980). 
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The primary function of any hearing aid is to f i ilitate an 
individual's understanding of speech regardless of any competing 
signals. Very simplistically described, a hearing aid must: 
1. Transduce an acoustic signal into an analogous electric 
signal (a function subserved by the microphone), 
2. Amplify the electric signal (a function accomplished by the 
amplifier), 
3. Transduce the amplified electric signal to an acoustic signal 
(a function accomplished by the receiver). 
Recent advances in hearing-aid microphone and amplifier design 
have made higher quality (higher fidelity) sound reproduction 
possible (Killion, 1979a). 
Electroacoustic characteristics of hearing aids typically 
are derived from complex measurements obtained in accordance with 
specifications promulgated by current standards (ANSI Standard 
S3 .22-197-6) . Published research has alerted the practicing 
professional to the fact that significant differences exist 
between measured coupler responses and real-ear performance 
(Killion, 197-6; Pascoe, 1975; Sachs and Burkhard, 1972). 
Pascoe (197-5) reported that due to misrepresentations of 
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functional gain when using coupler measurements, gain in the 
1,000-Kz to 2,000-Hz region usually is underestimated and the 
region from 2,000-Hz to 5,000-Hz is overestimated. He stated 
that aids that supposedly reach 4,000 Hz probably have 
frequency-responses that do not extend beyond 2,5000 Hz. 
Therefore, an individual with only a high-frequency loss may not 
derive significant benefits' from conventional amplification. 
Killion stated that most of the research has not controlled for 
interactions among various acoustic factors which may not be made 
manifest through the usage of standard coupler measurements, but 
which will affect the spectrum of a signal perceived by a human 
listener (Killion, 19?6). Some of these factors are: 
1. Impedance (resulting from differences in the acoustic load 
provided to the receiver), 
2. head-diffraction effects (interposing the head between the 
sound source and the microphone of the hearing aid), 
3. Resonant peaks (resulting from various earmold 
characteristics such as vented versus non-vented earmolds), 
and 
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4. Increased frequency-response at frequencies greater than 
2,000 Hz. 
There is a discrepancy in the literature concerning the need 
to provide amplification in the high-frequency range. As early 
as the Harvard Report (Davis, Stevens, Nichols, Hudgins, Marquis, 
Peterson, and Ross, 194?), it was believed that the 
high-frequency range (greater than 4,000 Hz) did not contribute 
significantly to the speech discrimination performance of 
hearing-impaired listeners. 
"Reducing the upper frequency limit [of the master 
hearing aid] from ?,000 to 4,000 Hz [other conditions 
being held constant] does not cause any significant 
change in articulation scores." (page 85). 
The British MEDRESCO report (as noted in Pascoe, 19?5) also 
indicated that amplification of frequencies greater than 4,000 Hz 
did not contribute significantly to the speech discrimination 
scores of hearing-impaired persons. It was concluded in both 
reports that due to the limited amount of information received at 
the higher frequencies, it was not necessary to design a hearing 
aid which demonstrated a frequency responses extending beyond 
4,000 Hz. 
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Other researchers have indicated similar views. Shore, 
Bilger, and Hirsh (1960) suggested that the difference in patient 
performance (on tests of speech discrimination) attributable to 
different hearing aids occurred most often as a function of gain, 
not frequency. They concluded that no substantial differences 
were obtained by using different hearing aids or different tone 
settings. 
Opponents of this view advocate a more selective approach to 
amplification which would include the amplification of 
frequencies greater than 4,000 Kz. The frequency response of 
conventional hearing aids typically is broad or flat and cuts off 
frequencies greater than 3,800 or 4,000 Hz (Harford and Fox, 
197-8; Triantos and McCandless, 197-4). 
Most current hearing aids, then, provide maximum 
amplification for the central portions of the speech spectrum 
(Pascoe, 19^8). It has been noted that the importance of this 
frequency region depends not so much on its absolute emphasis but 
on the well-defined high- and low-regions of the normally 
perceived speech spectrum (relative to a somewhat subdued central 
portion) (Pascoe, 197-8). Harford and Fox (197-8) also reported 
that high-frequency hearing-impaired individuals probably could 
not gain maximum benefit from conventional amplification due to 
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the interference of upward spread of masking from low-frequency 
amplified sounds as well as inadequate high frequency 
amplif icat ion. 
Investigators recognized the need to provide the 
high-frequency, hearing-impaired listener with appropriate 
amplification in the high-frequency range while eliminating or 
reducing the interference caused by low-frequency amplification. 
Danaher et^ al. (1973) suggested that this might be accomplished 
partially by decreasing the low-frequency formants. They 
discussed three possible methods: 
1. Adjust the frequency response of the hearing aid, 
2. Vent the earmold, 
3. Select an instrument that is specifically designed for 
control of low frequencies. 
In addition, they cautioned that F1 does contain important speech 
information, therefore, it would not be advisable to attenuate it 
completely. It would be more desirable to find an intermediate 
point at which minimal masking occurs and maximum speech 
information is retained. Other researchers have reported that 
patients suffering from a high-frequency hearing loss have 
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demonstrated improved speech discrimination scores as a result of 
earmold and tubing modifications (Dodds and Harford, 1968; 
Hodgson and Murdock, 19?0) . 
Earmold Modifications 
One of the earlier investigations of ear-mold modification 
options for persons with a high-frequency hearing loss was 
conducted by Dodds and Harford (1968). They analyzed test 
results for 35 subjects who demonstrated high-frequency hearing 
impairments, using standard, vented, and open earmolds. The mean 
pure-tone, air-conduction thresholds for their subjects at 125 Hz 
and 500 Kz were between 20 and 25 dB. The loss became 
increasingly greater (from 35 dB at 1,500 Hz) to approximately 80 
dB (for 6,000 and 8,000 Hz). The results of this study indicated 
that speech-discrimination scores of persons with a 
nigh-frequency loss improved significantly with the use of an 
open or sometimes vented ear mold, coupled to a CROS 
(contralateral routing of signals) hearing aid. Hodgson and 
Murdock (19?0) found that use of vented earmolds can attenuate 
low-frequency amplification for persons with good to fair 
low-frequency sensation but who demonstrate a loss in the higher 
frequencies. They stated that the venting (and consequent 
attenuation of low-frequency energy) precludes significant upward 
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spread of masking. Lybarger (1967-) cautioned that the size of 
the vent must be controlled carefully as it may cause feedback to 
occur. Hodgson and Murdock also compared the effects of open, 
versus vented, earmolds on speech-discrimination scores. Their 
results suggest that patients with open molds will perform better 
on discrimination tasks, even in noise. This, they reported, 
would solve the problem of venting size. 
Harford and Fox (1978) also advocated the use of open molds 
for the high-frequency hearing-impaired individual. They 
reported that amplification of sounds in the frequency range of 
less than 2,000 Hz is attenuated when the ear canal is 
unoccluded. This allows amplification to be emphasized in the 
high-frequency region. 
Alteration of frequency-response characteristics through 
earmold modification may include controlling tubing length and 
diameter variables. Smith (197-7) summarized some of the effects 
of tubing length and diameter on the frequency response of a 
hearing aid. In general, he indicated that tubing length is 
inversely related to high-frequency response. As tubing length 
increases, high-frequency response decreases. 
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The reverse also is true. However, tubing diameter and 
high-frequency-response are directly related. As tubing diameter 
increases, the amplitude of the high—frequency response 
increases; as tubing diameter decreases, the amplitude of the 
high-frequency response decreases. 
Even when all modification variables are considered, the 
frequency response produced by conventional amplification may not 
extend beyond 4,000 Hz. Therefore, the high-frequency 
hearing-impaired listener may be provided with less interference 
from low-frequency masking but still may not be offered with any 
significant amplification beyond 4,000 Hz, the frequency region 
in which the person demonstrates the maximum loss. 
In conclusion, early research concerning amplification of 
the frequency ranges necessary for maximum speech discrimination 
indicated that the speech spectrum in the high frequencies did 
not provide enough information to warrant amplification in that 
area (Davis, et_ a_l, 194?). The preponderance of more recent 
research has provided significant evidence that this is not the 
case (Harford and Fox, 19?8; Pascoe, 19?5) . The 
speech-discrimination scores of hearing-impaired individuals 
demonstrating a high-frequency hearing loss has been shown to 
improve from the attenuation of low-frequency signals. It also 
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has been shown that these hearing-impaired individuals benefit 
from high-frequency emphasis aids (as much as the electroacoustic 
characteristics of the receiver would allow). However, most 
conventional amplification is limited to providing a frequency 
response high-frequency limit of less than 4,000 Kz, thus 
precluding high-frequency hearing-impaired individuals from 
receiving maximum benefits from amplification. 
Realizing this situation, researchers have investigated some 
possibilities of developing amplification options in which the 
frequency response would include the higher frequency range. 
Review of Previous Research 
Many approaches have been used to determine the effects of 
high-frequency amplification on speech discrimination. Some 
investigators, have sought to estimate these effects by simulating 
the high-frequency responses through the use of filtered speech 
and master hearing aids (Pascoe, 1975; Triantos and McCandless, 
19*4). 
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Triantos and Mc.Candless (19?4) concluded from their study 
that the frequencies between 3,800 Hz and 5,200 Kz should be 
given strong consideration in hearing-aid design and selection. 
In order to find the specific contribution of certain high 
frequency ranges to speech intelligibility, Triantos and 
McCandless (197-4) used a high-frequency word list and two 
conditions of speech filtering. One condition included low-pass 
filtered speech with a cut-off frequency of 5,200 Hz. The other 
condition had a low-pass filter cut-off frequency of 3,800 Hz. 
They found that subjects reported listening preference for either 
the 5,200 cut-off signal or had no preference in quiet. Both 
normal subjects and sensorineural-impaired individuals obtained 
significantly improved scores for speech discrimination test in 
noise with the 5,200 Hz cut-off as opposed to the cut-off at the 
lower frequency of 3,800 Hz. 
Pascoe (1975) found that there was a consistent and 
significant improvement in speech—discrimination performance for 
all subjects in his study using the extended-range amplification 
system (master hearing—aid) as compared to the conventional 
(limited) amplification system (the same master hearing-aid with 
different filter settings). He used a master hearing-aid which 
had a variable response, considerable gain in frequencies as 
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great as 6,300 Hz but still retained some features of 
commercially available hearing aids (the receiver and microphone 
were components designed for commercial aids). The master 
hearing-aid had five possible frequency responses. Four of the 
five frequency responses extended to 6,300 Hz. The fifth 
frequency response was similar to the frequency response of most 
commercially available aids and did not extend beyond 4,000 Hz. 
He used eight adult hearing-impaired subjects whose average 
hearing level at 5,000 Hz and 2,000 Hz was between 30- and 60-dB 
HL and sloped no more than 10 dB per octave. All of the subjects 
were experienced hearing-aid users who reported satisfaction with 
the use of hearing aids in quiet but complained of lack of 
clarity in noise. Pascoe compared word-discrimination 
performance (using conventional and high-frequency word lists) 
for each of the five frequency responses for four test conditions 
in quiet and noise with a signal-to-noise ratio of +6. In a 
second experiment he adjusted the signal-to-noise ratio to 0. 
The results of this investigation have implications on the 
significance of high-frequency amplification for hearing-impaired 
persons. Pascoe found that there were consistent and significant 
improvements in discrimination for all the subjects in the study 
using the extended-range amplification, as compared to the 
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conventional (limited) frequency-response amplification. 
Killion (197-6) used an experimental, BTE hearing aid in his 
research with extended frequency response. The goal of this 
study was to design a system with a frequency response which 
would gradually fall off below 500 Hz, remain relatively flat 
between 500 and 1,500 Hz and provide a 10 dB boost in the 2,500 
to 6,000 Hz frequency region. Innovations in the design of the 
experimental amplification-system included the use of a wide-band 
receiver and stepped increased bore of earmold tubing and canal 
sizes. Real-ear response was measured on a Knowles Electronic 
Manikin for Acoustic Research (KEMAR.) at 0 degree azimuth, 
sound-field. Results of the measures performed with the 
experimental aid demonstrated that the completed aid basically 
met the design goals. The final frequency-response curve did 
present resonant peaks at certain frequencies, however, which 
varied depending on the azimuth condition. The amount of 
necessary smoothing of the resonant peaks would depend on 
individual-patient performance wearing the aid. It was suggested 
that one means of smoothing the response is through the use of 
synthered filters inserted in the tubing. Killion did not use 
subjects in his research but reported that informal listening 
tests indicated that a high-frequency boost was easily recognized 
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with careful listening. He also reported that "subjectively 
normal" localization was achieved very quickly during the 
informal listening tests. 
Some research with extended frequency response has been 
conducted with commercially available hearing aids. Lawton and 
Cafarelli (19?-8) described a system essentially identical to the 
one Killion had published two years earlier. These investigators 
compared a standard BE 11 hearing aid with tiro modified 
National-Health-service BE 11 BTE hearing aids. They replaced 
the standard transducers with wide-band units. Lawton and 
Cafarelli modified the standard #13 tubing from a single-diameter 
to a multiple-diameter tube with damping by inserting different 
sized tubing into each other as Killion had suggested. The 
frequency response of the hearing aids with the modified 
transducer was greater than 6,000 Hz with a maximum gain of 
approximately kT- dB between 3,500 and 5,000 Hz. At 6,000 Hz, 36 
dB of gain was demonstrated. The frequency response was measured 
through a Zwisloki acoustic-coupler with an input of 60 dB at 
maximum gain setting. Subjects in this study were adults 
demonstrating sensorineural hearing-impairments with pure-tone 
averages not greater than ?0-dB HL. Subject performance while 
wearing the experimental aids was compared to that obtained while 
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wearing standard aids using speech-discrimination tests in quiet 
and noise, subjective rating scales and personal choice. Results 
of this study indicated that the aids with the smoothed, extended 
high-frequency response resulted in improved speech 
intelligibility as compared to a non-modified BE-11 hearing aid. 
In addition, most subjects indicated a preference for the aid 
with the smoothed, extended high-frequency response. 
Schwartz et_ aj^. (197-9) also used a commercially available 
aid to study the benefits of extended frequency-response. These 
investigators used the Oticon Ell HC hearing aid. The Oticon Ell 
HC provides a greater acoustic gain across the frequency ranges 
2,000 Iiz to 6,000 Hz than most conventional aids on the market. 
The results of the investigation conducted by Schwartz et_ al. 
demonstrated that this high-pass hearing aid allowed subjects to 
make better use of spectral and temporal characteristics of the 
incoming signal. Subjects were able to better differentiate 
among stop phonemes and also among selected fricative sounds. 
These investigators found that subjects fitted with this aid were 
more sensitive to differences within-, and between-manner 
voiceless consonants. They asserted that this ability to clearly 
differentiate various sound categories was important in speech 
perception since the set of words to choose from is greatly 
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reduced when the category of the misunderstood sounds is known. 
For example: a subject can guess a word if she/he knows that the 
missing sound is a voiceless stop, not a voiceless fricative. 
The subjects of the Schwartz et_ al^. study demonstrated the 
improved recognition skills in both quiet and noise conditions. 
Some researchers have suggested that when discussing patient 
performance on tests of speech discrimination it is necessary to 
examine the sensitivity of the measures used (Kent, Wiley, and 
Strennen, 197-9; Killion, 19?9b) . Kent £t^ aj^. (197-9) stated that 
sound intensity is a major factor in explaining consonant 
discrimination. Some consonants, such as /g/ and /z/, may be 
perceived at relatively low-intesity levels as compared to other 
consonants (such as It/, ft! and /v/ [which may not be identified 
by listeners with normal hearing until 40, 50, or 60 dB] (Kent, 
et al., 1 ). 
Killion (1979b) advised that perhaps using 
speech-discrimination scores as a measure of evaluating 
hearing-aid benefit may not be the most important dimension to 
analyse as it often is in direct conflict with patients' 
hearing-aid preference. Killion added that for many patients, a 
certain frequency range may not be useful until it is 
considerably amplified, but the amplification may exceed the 
Page 65 
patient's level of loudness tolerance. 
In summary, an analysis of published data concerning 
application of extended frequency-response amplification to 
high-frequency hearing-impaired individuals supports the 
following conclusions: 
1 . Researchers have found that a person with a high-frequency 
hearing impairment can benefit from amplification when the 
amplified low-frequency signals are maximally attenuated. 
This has been accomplished primarily by the use of vented or 
non-occluding earmolds. 
2. Amplification also must provide the listener with speech 
information in the frequency region that coincides with that 
of the hearing loss, i.e., the frequency range between 2,000 
and 8,000 Kz for the aforementioned hearing impairment. 
3. Conventional amplification (limited frequency-response) can 
not usually provide a frequency-response that extends into 
the higher frequency ranges and seems, therefore, of minimal 
benefit to the high-frequency hearing-impaired listener. 
V7ith the advent of miniaturized'receivers that can provide an 
extended-frequency response, it has become possible for these 
hearing-impaired persons to receive more appropriate 
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amp1ification. 
4. Speech-discrimination tests usually used in hearing-aid 
evaluations may not be sensitive enough to accurately assess 
subject's speech-discrimination (aided or unaided) 
performance. 
In-The-Ear Hearing Aids 
Research of extended frequency-response amplification, 
however, has included only one type of commercially-available 
hearing aid: the (BTE). It has been demonstrated that BTE 
amplification can be altered by earmold effects and tubing 
resonances. If these variables are not controlled, inappropriate 
amplification may be provided regardless of the extended frequeny 
range (Knowles and Killion, 1978). Research has indicated that 
although the demand for BTE aids is greater than that for ITE 
aids, the rate of increase in the demand for ITE aids is greater 
(Werniclc, 1980). According to Wernick (1980), ITE aid sales 
accounted for 31% of hearing-aid sales in 1979 as opposed to only 
4% in 1975. Sommers (1980) stated that by the late 1970's, ITE 
aids accounted for one third of the hearing aids fitted in the 
U.S. 
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Advances in electroacoustic technology have made this type 
of hearing-aid design an appropriate amplification option for 
many hearing-impaired persons. It has been shown that the ITE 
hearing aid can be especially appropriate for individuals with a 
high-frequency hearing impairement (Griffing and Preves, 197-6; 
Wernick, 1980)-
In-The-Ear Hearing Aids and Frequency Response. The use of early 
ITE aids was limited to simple circuits and limited amplification 
output (or gain) until about 197-0. There also was limited 
capability for venting (Wernick, 1980). Current ITE aids have 
the capability of providing amplification for losses up to 7-0-dB 
KL (Sommers, 1980) and the flexibility to provide a 
frequency-response extending to 7,000 Hz or beyond (Wernick, 
1980). There are two types of ITE aids: 1) Custom ITE aid: 
typically a one-piece system built into the user's earmold and 
designed and adjusted by the manufacturer, and 2) Modular ITE 
aid: typically a two-piece system consisting of a standard 
electronic housing case which is fitted into a separate earmold. 
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An ITE aid's microphone placement can take advantage of 
certain physiological effects (e.g. pinna resonances) which BTE 
hearing aids can not. Berland and Nielsen (1968 [cited in 
Griffing and Preves, 1976]) found that there is a ? to 10 dB 
increase in sound pressure present in the concha from 2,000 Hz to 
5,000 Hz due to the "frontal focusing effects" of the pinna 
flange (measured with a skeleton earmold in place) . Although an 
ITE aid fills the concha of the ear, the pinna focusing-effect is 
not lost since the microphone of the ITE aid is located within 
the concha of the ear and not outside the pinna boundaries 
(unlike the microphone openings of BTE aids) (Griffing and Preves 
1976; Kuhn, 1980; Shaw, 1975; Shaw, 1980). This will give the 
user a greater S/N ratio and should result in improved speech 
discrimination. Griffing and Preves (1976) also reported that 
the S/II ratio may be increased by utilizing a directional 
microphone. Directional microphones (two ports converging on the 
microphone from different parts of the aid) used in ITE hearing 
aids are purported to attenuate background noise that occurs to 
the rear of the wearer. BTE aids, as a result of aid and 
microphone location, are more likely to amplify unwanted sounds 
behind the wearer. Another advantage of ITE hearing aids is that 
they have the capability of incorporating a new wide range 
receiver developed by Knowles Electronics (Wernick, 1980). This 
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has made it possible to considerably extend the 
frequency-response of ITE aids, making these aids an excellent 
amplification option for the high-frequency hearing-impaired 
individual. Receiver response can be further enhanced by 
modification of the canal portion of the hearing aid. Griffing 
and Preves (1976) demonstrated that the frequency-response could 
be altered when the canal length was decreased by .04 inch. This 
modification resulted in a 6 dB increase of gain at 4,000 Hz and 
a 10 dB gain at 5,000 Hz (for unvented aids)- The primary peak 
in receiver response occurs at a frequency that increases as the 
length of the constant bore tubing on the receiver decreases. 
Therefore, the tubing length required for BTE and eyeglass aids 
is too long to provide an optimal slope of 6 dB per octave 
(Davis, et_ a_l., 1947) over the widest possible frequency range 
since the primary peak occurs at too low a frequency (Knowles 
Electronics Bulletin [cited in Griffing and Preves, 1976]). 
For vented aids the size of the vent and canal length are 
variables which can be manipulated interactively to provide an 
optimal frequency—response. When a vent with a diameter of 0.047 
inches is utilized, in conjunction with a decrease in canal 
length to 0.2 inches, there results in an increase of 7 dB at 
4,000 Hz and 9 dB at 6,000 Hz. In all cases of canal and venting 
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manipulations, Griffing and Preves (1976) reported that sound 
pressure-level remained the same or decreased in the mid or low 
frequencies. Acoustic feedback can be a problem with ITE hearing 
aids as the components are closer together than in other 
hearing-aid designs. V/ernick (1980) suggested that feedback 
could be controlled by placing the vent as far a possible from 
the microphone opening. Wernick found that by placing the vent 
in the intratrageal notch, feedback was eliminated, and an 
additional 2-3 dB of gain was provided. Feedback also may be 
controlled by inserting an acoustic filter in the receiver stem 
or microphone port (Wernick, 1980). Care must be taken however 
to ensure that the filter impedance characteristics are 
appropriate for the amplification system. 
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APPENDIX B 
BLOCK DIAGRAM of TEST ROOM 
AND INSTRUMENTATION 
All testing was conducted in a sound insulated suite. The 
block diagram of the layout of the facility is provided in Figure 
Bl. 
The output of the tape recorder/reproducer was fed to the 
amplifier input of the vacuum-tube voltmeter (VTVM) where the 
signal level (re: the calibration tone at the beginning of each 
tape) was monitored. The output of the VTVM were fed to the 
tape-recorder inputs of the audiometer. The signals amplified 
and modified by the audiometer circuitry was fed to a power 
amplifier from which the amplified signal was fed (out of the 
control room) to impedance-matched transducers or a louspeaker in 
the test room. The position of the subject's head was marked 
with tape, at the time of sound-field calibration. Additional 
information may be found in the PROCEDURES section in the main 
body of the present document. 
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FIGURE Bl 
Block diagram of the test room and testing instrumentation. 
Abbreviations used: TR [tape recorder/reproducer]; VT 
[vacuum-tube voltmeter]; AUD [audiometer]; A [power amplifier]; 
SPKR [loudspeaker]. 
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APPENDIX C 
INSTRUMENTATION 
Ambient Noise 
The ambient noise-levels of the test booth were measured in 
accordance with specifications promulgated by the American 
National Standards Institute (ANSI), 197-7. All measurements of 
ambient noise were performed using Bruel and Kjaer (B & K) 
instruments. The ambient sound-pressure level (SPL) of the test 
room were measured in octave bands with a condenser microphone 
[(Type 4132), placed in the test room at approximately subject 
ear-level] and an audio-frequency spectrometer (Type 2112) in 
combination with a continuously recording graphic-level recorder 
(Type 2305). A block diagram of the instrumentation is contained 
in Figure CI. 
The meter-range switch and the range-multiplier switch of 
the audio-frequency spectrometer were set to a position of 
highest sensitivity (20-dB SPL). The position of the graphic 
level recorder stylus was calibrated at this level for each test 
frequency. Ambient SPL which were less than 20-dB sound-pressure 
level then could be measured by reading the level on the 
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FIGURE CI 
Block diagram of the instrumentation used to measure 
ambient-noise levels in the test room. Abbreviations used: MIC 
[monitor microphone]; AFS [audio-frequency spectrometer; GLR 
[graphic-level recorder]. 
MllllllllMIIIIIMIIIIiaiMIIMMIIi!!, 
^MIC 
Iiiniiiiiiiiiiiiii ii IIIIII IIIIIIMIIII MINE 
Page 77 
recording paper to which the stylus had deflected. 
The ambient noise levels of the test room did not meet ANSI 
specifications for the frequencies 250 through 1000 Kz. 
Correction factors were applied to determine the most sensitive 
threshold-levels which could be determined in sound-field without 
the interference of ambient> noise. Table CI contains the 
measured and permissible ambient noise levels and applied 
correction factors. 
The audiometer was calibrated in accordance with the 
appropriate ANSI specifications (ANSI, 1969[R1973]; ANSI, 1981). 
Loudspeaker Calibration 
The test stimuli were delivered through an impedance-matched 
loudspeaker placed one meter from the corner of the test room. 
The frequency-response characteristics of the loudspeaker were 
determined in sound field for a sweep-frequency pure-tone. The 
pure-tones were generated by a beat-frequency oscillator (B & K, 
Type 1022) and fed through the appropriate tape inputs of the 
audiometer to the loudspeaker in the test room. A constant 
input-voltage was monitored through the microphone amplifier (B & 
K, Type 2603) feeding the compressor input of the beat-frequency 
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TABLE CI 
AMBIENT NOISE-LEVEL MEASUREMENTS AND CORRECTION FACTORS 
Measured octave band pressure level in db (M); instrument correction 
for microphone and grid (I); corrected measurements (C) [line M + 
line I]; maximum permissible octave-band pressure level in dB (P); 
most sensitive threshold measureable in sound field [dB] (line C -
line P) . 
1 II 
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oscillator. The signals from the loudspeaker were received by a 
condensor microphone (B and K, Type 4132) placed at approximately 
subject ear-position (1 meter from the loudspeaker, 0 degree 
azimuth). The signal then was delivered to an audio-frequency 
spectrometer (B & K, Type 2112), thence to a graphic-level 
recorder (B & 1C, Type 2305) which produced a hard copy tracing of 
the loudspeaker response (refer to Figure C2 for a block diagram 
of loudspeaker calibration). 
A frequency-response curve was obtained for each of two 
loudspeaker positions (against the wall and 1 meter away from the 
wall), maintaining a constant microphone distance of one meter. 
Refer to figures C3 and C4 for the frequency-response tracings of 
the loudspeaker positions. Comparison of the frequency-responses 
for the two loudspeaker positions indicated that the two curves 
differed primarily in the amount of amplification provided 
between 20 and 200 Hz, with the position away from the corner 
demonstrating less amplification and a smoother response in that 
frequency range. An additional response curve was obtained for 
the loudspeaker position away from the wall (Figure C5) to 
determine the reliability of the measurement and revealed the 
same results as the curve shown in Figure C3. 
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FIGURE C2 
Block diagram of the instrumentation used to measure the 
frequency response of the loudspeaker. Abbreviations used: SPKR 
[loudspeaker]; AUD [audiometer]; TR [tape recorder/reproducer]; 
BFO [beat-frequency oscillator]; C [compressor; AMP [power 
amplifier]; MIC [pressure condensor microphone]; AFS 
[audio-frequency spectrometer]; GLR [graphic-level recorder]. 
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FIGURE C3 
Frequency response of the loudspeaker against the wall. 
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FIGURE C4 
Frequency response of the loudspeaker one meter away from the 
wall. 
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FIGURE C5 
Reliability curves of the frequency response of the loudspeaker 
one meter away from the wall. 
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These findings were not consistent with the results obtained 
by Dirks, Stream and Wilson (19?2). The results of their study 
of loudspeaker positions indicated that moving a loudspeaker one 
meter away from the corner would result in a smoother 
frequency-response in the speech frequency range. 
Additional frequency-response curves were obtained with the 
microphone placed 15 cm forward (Figure C6), and 15 cm back 
(Figure C7) of its original position. The varying distances 
provided an approximate range in which a subject might move 
his/her head during the testing, possibly altering the signal 
level and spectrum received. Minimal differences from the 
original microphone position were noted for the "head back" 
position. However for the "head forward" position the 
frequencies between 300 and 500 Hz received additional 
amplification of approximately 14 dB. Nevertheless, during test 
procedures, subjects were requested to restrain from any head 
movement and, during testing, no significant head motion was 
observed. 
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FIGURE C6 
Frequency response of the sound-field system with monitor 
microphone 0.85 meter from the loudspeaker. 
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FIGURE C? 
Frequency response of the sound field system with monitor 
microphone 1.15 meter from the loudspeaker. 
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Tape Recorder/Reproducer Calibration 
Prior to tape recorder/reproducer calibration procedures, 
the tape heads and tape-guiding elements were cleaned and 
degaused. 
Calibration of Magnetic Tape Speed. The tape-drive speed of the 
tape recorder/reproducer system used in the present research was 
measured using a stop watch and a 5-minute timing tape (speed of 
tape = 19.05 cm/s; total tape length = 5^.13 cm). The resultant 
tape speed was found to conform with the specifications 
promulgated by the National Association of Broadcasters (NAB, 
1965) . 
The playback mode of the recorder/reproducer was calibrated 
following the tape-speed calibration procedures. A block diagram 
of the instrumentation used for this check is contained in Figure 
C8. The tape heads were aligned prior to the playback level 
calibration using a commercial, reproduce alignment calibration 
tape (Ampex, #01-31321-01), with 50-us equalization and tape 
speed of 19.05 cm/s. The output of the tape recorder/reproducer 
was fed to a vacuum-tube voltmeter (VTVM) (Hewlett-Packard, Model 
400 HR) to monitor voltage. The 7-00-Kz reference calibration 
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tone recorded at playback level (10 dB below operating level) on 
the calibration tape was used to adjust the reproduce level of 
the recorder to obtain a 0-dB (relative) reading on the VTVH. 
Bias adjustments and tone adjustments were controlled so that the 
test frequencies would fall within NAB specifications. Tables 
C2, C3 and C4 contain the results of the calibration 
measurements. 
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FIGURE C8 
Block diagram of the instrumentation used to calibrate the tape 
recorder/reproducer. Abbreviations used: TR [tape 
recorder/reproducer; VTVM [vacuum-tube voltmeter]; AMP [power 
amplifier]; AUD [audiometer]. 
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FIGURE C8 
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TABLE C2 
TAPE-recoraer CALIBRATION RESULTS 
E.esults of tape-recorder playback, calibration: measurement #1. 
I NOMINAL FREQUENCY 
1 (Hz) 
1 
CHANNEL 
(relat ive 
1 | 
dB) I 
1 
CHANNEL 
(relative 
2 
dB) 
TOLERANCE RE:I 
NAB standards I 
(relative dB)1 
1 *00 
1 
0 1 
1 
0 | 
1 15000 
1 _ 
-1.5 1 
1 
-2.0 
- 1 
+1 to -3 1 
_ i I 
1 12000 
I _ _ 
-1.2 
1 
1 
I 
-1.8 
1 
+1 to -2 1 
_ i 
I 10000 
1 _ 
-0.9 1 
I 
+ 0.3 ±1 1 
_ i 1 
1 ?500 -0.2 
1 
1 
I 
+ 1.0 
1 
±1 1 
1 i ~ -
1 5000 -0.5 1 -0.8 + 1 1 
_ _ i 
1 2500 
I — _ 
+ 0.5 1 
I 
+ 1.0 + 1 1 
1 
1 1000 0.0 1 + 0.1 + 1 1 
1 
1 500 + 0.2 1 -0.3 ±1 1 
1 250 + 1.0 1 + 0.6 + 1 1 
1 100 -1.0 1 -0.4 + 1 1 
| 
1 50 -1.2 1 -1.0 +1 to -3 1 
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TABLE C3 
TAPE-recorder CALIBRATION RESULTS 
Results of tape-recorder playback calibration: measurement #2. 
1 iiOi'iIHAL FREQUENCY 
1 (llz) 
1 
CHANNEL 
(relat ive 
1 1 
dB) | 
i 
CHANNEL 2 
(relative dB) 
T0LE11ANCE RE : | 
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(relat ive dB) I 
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1 _ _ _ 
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TABLE C4 
TAPE-recorder CALIBRATION RESULTS 
Results of tape-recoraer playback calibration: measurement #3. 
I HOHINAL FREQUENCY 
1 (Hz) 
1 
CHANNEL 
(relat ive 
1 | 
dB) | 
1 
CHANNEL 
(relative 
2 
dB) 
TOLERANCE RE:I 
NAB standards 1 
(relative dB)I 
1 *00 0 1 0 | 
1 15000 
1 _ 
+ 0.* 1 + 0.5 +1 to -3 1 
I 12000 
i _ 
+ 0.2 1 
I 
+ 0.1 
~ ~ 1 
+1 to -2 | 
1 l 
1 10000 
1 _ 
+ 0.4 
1 
1 
I 
+ 0.4 
1 
±1 1 
_ i 
1 *500 
I 
+ 0.6 
\ 
1 
1 
+ 0.3 
1 
±1 1 
1 I 
1 5000 
l 
0.0 
1 
1 
1 
+ 1.0 
1 
+ 1 1 
_ _ _ i I — 
1 2500 + 0.9 
J 
1 
1 
+ 0.3 
1 
±1 1 
1 
1 1000 
1 _ 
-0.1 
1 
I 
— 1 
-0.* + 1 1 
- - 1 i 
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I 
+ 0.2 
I 
1 -0.1 + 1 1 
1 
1 250 + 0.9 
1 
1 + 0.8 ±1 1 
1 
1 100 -0.2 
1 
1 -0.5 + 1 1 
i 
1 50 -1.0 
1 
1 -1.2 +1 to -3 1 
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APPENDIX D 
MATCHING OF THE HEARING-AID 
FREQUENCY-RES PONSE 
For the purposes of gathering the research data, the gain of 
the hearing aids was set to a level which resulted in essentially 
identical frequency-responses from 100 Hz to approximately 1600 
Hz (Figures D1 through D8 are examples of the matched curves, 
measured with a SPL input of 60-dB) . Synthered filters were used 
to assist in obtaining the similar, smooth responses. Acoustic 
modifications were accomplished using 1.5-cm tubing with 
synthered filters to smooth the resonant peaks. 
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FIGURES Dl through D8 
Examples of the matched frequency-responses of the two hearing 
aids used during the present investigation. The lighter line is 
associated with the response of the narrow-band hearing aid, the 
darker line is associated with the response of the wide-band 
hearing aid. The eight curves thus represented account for the 
frequency responses of the amplification tried on each of the 
eight subjects. 
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APPENDIX E 
ELECTROACOUSTIC MEASUREMENTS OF 
THE HEARING AIDS 
All electroacoustic measurements were performed using B & K 
apparatus. The following electroacoustic characteristics were 
checked for each hearing aid in accordance with specifications 
promulgated by ANSI (19?-6): saturation sound-pressure level, 
basic frequency-response, harmonic distortion and tone-control 
effects. A summary of the instrumentation and procedures 
utilized in checking these characteristics follows. 
Measurement Procedures 
The output of a beat-frequency oscillator (Type 1022) was 
fed to the built-in loudspeaker of the hearing-aid test box (Type 
4212). A monitor microphone (Type 4144) was located in the 
hearing-aid test box and assisted (through the microphone 
amplifier and compressor system) in the maintenance of a constant 
input sound-pressure level across the frequency range tested. 
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The hearing aids were coupled to a 2-cu.cm. coupler via a 
cylindrical styrofoam cuff which provided an hermetic seal. The 
sound pressure developed in the coupler (output of the hearing 
aid being tested) was monitored via a pressure microphone (Type 
4132) whose output was fed via a cathode follower to an 
audio-frequency spectrometer (Type 2112). The MB hearing aid was 
connected to the cuff using #13 tubing. The WB hearing aid was 
coupled to the cuff using 0.6 cm. of #13 tubing sleeved inside 
of 0.9 cm. of #9 tubing. The output of the audio-frequency 
spectrometer was fed to the input of a graphic-level recorder 
(Type 2305) which produced a hard-copy tracing of the hearing-aid 
output. Refer to Figure El for a block-diagram of the 
instrumentation used for this procedure. The same battery (Type 
H13) was used for both hearing aids throughout the research 
procedures. The battery voltage was checked frequently during 
the data gathering period (with the battery loaded properly) and 
was found to remain at a constant voltage of 1.4 volts. The 
filter and tubing arrangements previously described were not 
adjusted for the electroacoustic analyses. 
Saturation Sound-Pressure Level 
Saturation sound—pressure level (SSPL 90) curves were 
obtained for both the NB and V7B hearing aids. The gain controls 
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FIGURE El 
Block diagram of the instrumentation used to measure 
electroacoustic characteristics of the hearing aids. Dashed 
lines represent the hearing-aid test box. Abbreviations used: 
SPKR [loudspeaker, built-in test box]; BFO [beat-frequency 
oscillator]; AMP [microphone amplifier/preamplifier]; MM 
[monitor microphone]; CM [coupler microphone]; AFS 
[audio-frequency spectrometer]; GLR [graphic-level recorder]. 
•IIIIIIIIIIIIIIIIIIIIIIIIIIII 
Mas 
KM 
WO 
•% 11111111111111 llllllllllllll"* 
dKV 
tu 
OQ 
(0 
Page 114 
of the hearing aids were rotated to full-on and the input SPL was 
adjusted to 90 dB. Figures E2 and E3 correspond to the SSPL 90 
curves of the NB and WB hearing aids repective. 
Basic Frequency-Response 
Figures E4 and E5 illustrate the basic frequency-response 
curves obtained for the NB and.WE hearing aids. The gain control 
of each aid was rotated to the full-on position and the input 
sound-pressure level was set to 60-dB SPL. 
Harmonic Distort ion 
Harmonic distortion measurements were made for both the NB 
and WB hearing aids using an input SPL of ?0 dB. The gain of the 
hearing aids were adjusted to a reference-test position. The 
reference-test position for the NB aid was set so that the 
average output at 1000, 1600 and 2500 Hz (input of 60-dB SPL) was 
92 dB. The average output for the WB aid was 94 dB. Total 
harmonic distortion levels were recorded for the fundamental 
frequencies of 500, 800 and 1600 Hz. The NB hearing aid 
demonstrated 1% harmonic distortion at 500 Hz, 1% at 800 Hz and 
1.8% at 1600 Hz. The harmonic distortion levels of the WB aid 
were determined to be 2.8% at 500 Hz, 1.3% at 800 Hz and 2% at 
1000 Kz. 
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FIGURE E2 
Saturation sound-pressure level (SSPL) curve for the narrow-band 
hearing aid. 
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FIGURE E3 
Saturation sound-pressure level (SSPL) curve for the wide-band 
hearing aid. 
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FIGURE E4 
Basic frequency-response curve for the narrow-band hearing aid, 
o 
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FIGURE E5 
Basic frequency-response curve for the wide-band hearing aid. 
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Tone-Control Effects 
Basic frequency-response curves as a function of tone 
control adjustments were obtained for each aid. Input SPL was 60 
dB, gain control was adjusted at reference-test position. Output 
was measured at two settings for each of two tone control 
Trimmers: Frequency Trimmer (F) and Feedback Trimmer (H). 
Figures E6 and E7 illustrate the effect of the tone control 
adjustments on the frequency-response of the NB aid. The curves 
obtained for the WB aid are shown in Figures E8 and E9. 
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FIGURE E6 
Effect of "frequency trimmer" on the frequency response of the 
narrow band hearing aid. The lighter curve is associated with 
the basic frequency response of the aid, the darker curve is 
associated with the maximum low-frequency cut available with the 
tr iminer . 
LO 
CM 
^ Potentiometer Range:—5D dB Rectifier: PMS I nwnr 1 im. Freq.: ^ Hz Wr. Speed:_AOfl_mm/sec. Paper Spee 
«? I 1 1" '1 " I" 1 1» » |» I III I I I • I IM I I II II I IB I II' I -. 
10 20 Hz 50 100 200 500 1000 2000 5000 10000 20000 40000 [ 
FREQUENCY (Hz) 
W 
W 
pd 
o 
H 
Pn 
Page 126 
FIGURE Ef 
Effect of "feedback trimmer" on the frequency response of the 
narrow band hearing aid. The lighter curve is associated with 
the basic frequency response of the aid, the darker curve is 
associated with the maximum high-frequency cut available with the 
trimmer. 
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FIGURE E8 
Effect of "frequency trimmer" on the frequency response of the 
wide band hearing aid. The lighter curve is associated with the 
basic frequency response of the aid, the darker curve is 
associated with the maximum low-frequency cut available with the 
trimmer. 
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FIGURE E9 
Effect of "feedback trimmer" on the frequency response of the 
wide band hearing aid. The lighter curve is associated with the 
basic frequency response of the aid, the darker curve is 
associated with the maximuai high-frequency cut available with the 
trimmer. 
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APPENDIX F 
SUBJECT INFORMATION 
Pure-Tone Air-Conduct ion Thresholds 
The preliminary pure-tone testing of the subjects was 
performed using a two-channel clinical audiometer 
(Grayson-Stadler, Model 17-01). The output of the audiometer was 
fed to the transducers [two matched earphones (Telephonies, 
TDH-49P) mounted in neoprene-capped, Buna-S rubber cushions 
(KX-41/AR), and supported by a headband (Telephonies, P333); or 
a bone-conduction vibrator (R.aaioear, B-?2)]. 
Table F1 yields the pure-tone thresholds obtained by air 
conduction for each subject for each ear. The thresholds 
obtained were in accordance with ANSI specifications (ANSI, 
S3.21-197-8) . Each subject's bone-conduction threshold was within 
10 dB of her/his air-conduction threshold. 
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TABLE F1 
PURE-TONE AIR-CONDUCTION THRESHOLDS 
Pure-tone air-conduction thresholds are indicated for each 
subject in dB hearing level (re: ANSI, 1969 [R1973]). The test 
ear (right ear [R] or left ear [L]) is indicated by an asterisk 
for each subject. NT indicates no threshold was determined at 
the frequency specified. 
Frequency (Hz) 
Subject Ear 250 500 lk 1.5k 2k 3k 4k 6k 8k 
1 L 15 15 10 NT 20 50 60 50 35 
R* 15 15 10 NT 10 20 65 55 50 
2 L 5 10 15 NT 15 25 55 65 70 
R* 15 5 10 NT 10 30 50 70 70 
3 L 20 5 5 30 50 NT 50 NT 55 
R* 20 10 5 20 35 45 55 NT 50 
4 L 10 10 0 NT 0 20 30 60 45 
R* 10 0 5 NT 5 30 65 70 60 
5 L 15 5 10 NT 5 50 60 60 45 
R* 10 5 10 NT 10 60 7-0 7-0 60 
6 L 10 5 5 35 50 55 60 7-0 60 
R* 10 10 15 30 50 60 65 60 65 
? L* 10 5 20 NT 25 55 60 60 60 
R 5 0 15 NT 15 35 60 60 60 
8 L* 5 5 5 15 40 ?0 70 65 65 
R 0 5 5 15 25 7-0 70 75 55 
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Criteria for Subject Elligibility 
1. Conductive involvement ruled out on the basis of pure-tone, 
air- and bone-conduction results (within 10 dB of each other) 
and acoustic-immittance results. 
2. Hearing impairment with insidious onset and gradual 
progression over a period of years. 
3. No evidence of concomitant disorders or handicaps which could 
affect the subjects' auditory system or ability to respond to 
the task. This was determined through available history 
information and subjective impressions on the part of the 
examiner. 
4. No experience in hearing-aid usage. However; one subject had 
a one-month trial period with a hearing aid without success. 
This experience took place approximately two months prior to 
that subject's participation in the present study. 
5. Residents of Southwestern-Montana region to avoid 
complications due to travel distance. 
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Listener-Consent Form 
I the undersigned have agreed to participate as a listener for 
research purposes (Master's Thesis). I understand that any 
identifying information obtained during this project will remain 
confidential and that my name will not be associated with this 
information. I also understand that as a volunteer I may 
terminate my participation at any point during the project. I 
understand that this is a "no-risk" project but agree that 
neither the experimenter nor the University is in any way 
responsible for any minor accident that should occur. In 
addition, I understand that I am under no obligation to buy a 
hearing aid at any time. 
Name: 
Date: 
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APPENDIX G 
INSTRUCTIONAL SETS READ TO SUBJECTS 
Spondee Threshold 
Each subject was requested to familiarize him/her self with 
the list of 36 CID spondaically-stressed words by reading the 
list prior to testing. 
Instructions: You will hear a man's voice asking you to repeat 
some two-syllable words such as hotdog and baseball. The words 
will get softer and softer. Just repeat the words you hear and 
if you are not sure of the words, go ahead and guess. You will 
only hear each word one time. Do you have any questions? 
Speech Discrimination in Quiet 
Instructions: You will hear a man asking you to repeat some 
one-syllable words. For example, you will hear him say "say the 
word boy, say the word girl". The words will not be getting 
softer. Write down only the last word of the sentence (like boy) 
and if you are not sure, go ahead and guess. Do you have any 
questions ? 
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Speech Discriminat ion in No ise 
Instructions: Once again you will be asked to repeat some 
one-syllable words, however you will also hear some noise at the 
same time as you hear the words. Try not to listen to the noise 
and write the last word of the sentence. If you are not sure of 
the words, go ahead and guess. Remember, you will be hearing 
noise with the words but listen for the words and write down the 
ones you hear. Do you have any questions? 
Loudness-Piscomfort Level 
Instructions: In this next test you will hear some noise 
from the loudspeaker; the noise will get louder. I want you to 
decide when the sound is at a level that you think is 
uncomfortably loud or unpleasantly loud. By uncomfortably loud I 
mean when the sound is so loud that you would choose not to 
listen to it for any period of time. When the noise reaches the 
uncomfortable level, I want you to raise your hand and I will 
turn off the noise. Do you have any questions? 
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APPENDIX H 
COUNTERBALANCED CONDITIONS AND LISTS 
The order of test conditions (unaided, aided with the WB aid and 
aided with the NB aid) was counterbalanced into six different 
orders (refer to Table Hi). A different condition order was 
chosen for each of six subjects. Two condition orders were 
repeated (selected randomly), as there were eight subjects. 
The speech-discrimination lists (1 through 4), for both the 
quiet and the noise conditions, were counterbalanced for each 
subject so that the subjects did not listen to the same word list 
under similar conditions. For example, the subjects only 
listened to List 1 in quiet once. Under the next quiet condition 
they listened to List 2 (refer to table 112) . 
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TABLE HI 
COUNTERBALANCED TEST ORDER 
Order of counterbalanced test conditions (unaided [UN], aided 
with the wide band hearing aid [WB], and aided with the narrow 
band hearing aid [NB] as they occured for each subject. 
1 SUBJECT | I CONDITION ORDER| 
1 1 . 5  1  
1 | 
i 
1 UN, 
1 — — 
NB, 
1 
WB I 
_ _ _ | 
1 2,4 1 
I i 
1 
1 WB, 
1 _ 
UN, 
— 1 
NB | 
1 1 — 1 
1 3 1 
I _ i 
1 
1 UN, 
1 
WB, 
1 
NB | 
1 1 — l 
1 6 I 
l _ l 
1 _ — 
1 NB, 
1 
WB, 
1 
UN | 
I 1 1 
I * I 
1 
1 WB, NB, 
1 
UN | 
1 8 I 1 WB, NB, UN | 
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TABLE H2 
COUNTERBALANCED LISTS BY CONDITIONS 
Counterbalanced test lists (lists 1 through 4) by test condition 
(unaided [UN], aided with the narrow-band hearing aid [HB], and 
aided with the wide-band hearing aid [WB]) and by listening 
condition (quiet and noise). 
I SUB J. I LIST 1 | LIST 2 1 LIST 3 LIST 4 1 
1 1 1 no i s e ; 
1 
l 
WB aid 1 quiet; 
1 
1 
WB aid Ino ise; 
1 quiet; 
1 -
no 
NB 
aid 
aid 
noise; 
quiet; 
NB 
no 
aid | 
aid | 
1 
1 2 1 noise; 
1 quiet; 
I 
NB 
no 
aid 1 no ise; 
aid|quiet; 
1 _ 
no 
NB 
aid 
aid 
1 quiet; 
1 
1 
WB 
_ 
aid noise; WB 
1 
aid 1 
1 
1 
1 3 
l — 
1 noise; 
1 quiet; 
1 
no 
NB 
— 1 _ 
aidIno ise; 
aid|quiet ; 
1 
NB 
WB 
aid 
aid 
1 — 
I no ise; 
1 
1 _ 
WB 
— 
aid | quiet; no 
1 
aid | 
1 
1 
1 4 
1 
1 quiet; 
i 
WB 
1 
aid|no ise; 
1 
WB aid 
1 — — — 
Inoise; 
1 quiet; 
NB 
no 
aidInoise; 
aid | quiet; 
i 
no 
NB 
1 
aid | 
aid 1 
1 
1 5 I no ise; 
i 
NB aid|quiet; 
1 
no aid I no ise; 
I quiet; 
no 
WB 
aid | 
aid 1 
noise; 
quiet; 
NB 
NB 
aid | 
aid I 
I 6 1 noise; 
1 quiet; 
WB 
NB 
aid|no ise; 
aid|quiet; 
NB 
WB 
aid 
aid 
1 quiet; 
1 
no aid | 
1 
no ise; no aid | 
1 
1 ? 1 no ise; 
1 quiet; 
WB 
no 
aidIno ise; 
aid|quiet; 
no 
WB 
aid 
aid 
1 quiet; 
1 
NB aid | 
1 
noise; NB aid I 
1 
1 8 1 no ise ; 
1 
WB aid I quiet; 
I 
no aid Ino ise; 
1 quiet; 
no 
NB 
aid | 
aid | 
no ise; 
quiet; 
NB 
WB 
aid 1 
aid | 
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APPENDIX I 
QUESTIONS TO SUBJECTS 
FOR SUBJECTIVE IMPRESSIONS 
1. Is the aid amplifying? 
2. How would you judge the volume of the amplification; too 
loud, too soft? 
3. How does your own voice sound with the aid? 
4. How did other voices sound? 
5. Were there any differences between the aids? If so, describe 
the differences . 
6. Did you have a preference for either aid? If so, which one 
and why? 
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Appendix J 
DETAILS OF SPEECH DISCRIMINATION SCORES 
AND PHONEMIC-ANALYSIS SCORES 
The following tables (J1 through J4) provide a summary of 
the speech-discrimination scores and the phonemic-analysis scores 
(in both the quiet and the noise conditions) for each subject, by 
test condition (unaided, aided with the narrow-band hearing aid, 
and aided with the wide-band hearing aid). In addition, the 
confidence level associated with the differences between each 
pair of scores is specified. 
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TABLE J1 
PERFORMANCE SCORES IN QUIET 
Performance scores are in percent correct, full-word scoring for 
each condition: unaided (UN), aided with the narrow-band hearing 
aid (NB), and aided with the wide-band hearing aid (WB). The 
level of significance of the differences between the indicated 
scores (PROB.) also is provided for each subject (S). 
1 SUB J . | 1 UN NB PROB.1 1 UN WB PROB.| 1 NB WB PROB.1 
1 SI 1 1 80 
1 
90 0.167-1 
1 
1 80 90 0.1671 1 90 90 1.0001 
1 S2 | 
1 - 1 
1 96 
I _ 
96 1.0001 
1 
1 96 96 1.0001 
l 
1 96 96 
1 
1 .0001 
1 
1 S3 1 
1 i 
1 92 
i 
84 0.230 1 
_ _ | 
1 92 94 0.7031 
I 
I 84 94 0.114 1 
_ _ | 
1 S4 1 
l - 1 
1 100 
I — — 
98 0.317-1 
l 
1 100 100 1 .0001 
1 
1 98 100 0.317-1 
i 
1 S5 | 
1 
1 96 98 0.596 I 1 96 90 0.258 1 1 98 90 0.096 1 
1 
1 S6 1 1 88 90 0.7641 1 88 92 0.515 1 1 90 92 0.7-41 1 
1 S7- 1 1 96 90 0.258 1 1 96 98 0.596 1 1 90 98 0.096 1 
1 SS 1 1 ?o 86 0.053 1 1 7-0 62 0.406 I 1 86 62 0.006 I 
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TABLE J2 
PERFORMANCE SCORES IN NOISE 
Performance scores are in percent correct, full-word scoring for 
each condition: unaided (UN), aided with a narrow-band hearing 
aid (NB), and aided with the wide-band hearing aid (WB). The 
level of significance of the differences between the indicated 
scores (PROB.) also is provided for each subject (S). 
I SUBJ.| I UN 
1 
PQ 
II 
1 
S
 
II 
PROB.1 1 UN WB PROB.| 1 NB WB PROB.1 
1 si 1 1 62 56 0.548 1 1 62 62 1.0001 1 56 62 0.548 | 
1 S2 | 
1 | 
I 68 66 0.8331 
- - l 
1 68 60 0.4061 1 66 60 
| 
0.541 I 
1 S3 1 
1 - - I 
1 58 64 0.548 1 
i 
1 58 48 
— 1 
0.3171 
i 
1 64 48 
- 1 
0.1091 
i 
i S4 | 1 68 72 0.6671 
_ _ | 
1 68 70 0.8331 
I 
I 72 70 0.833 I 
_ i 
1 S5 1 
i _ i 
1 54 56 0.841 I 
_ _ | 
1 54 60 0.548 I 
i 
1 56 60 0.689 1 
1 
1 S6 | 
1 i 
1 72 68 0.6671 
i 
1 72 62 0.293 1 
_ i 
1 68 62 0.5281 
- -1 
1 S7 | 1 78 64 0.126 1 1 78 72 0.4961 1 64 72 0.3951 
1 - 1 
1 S8 | 1 64 64 1.0001 1 64 48 0.109 I I 64 48 0.109 1 
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TABLE J3 
PHONEMIC-ANALYSIS SCORES IN QUIET 
Phonemic-analysis scores are in percent correct, phoneme scoring 
(based on three phonemes per word) for each condition: unaided 
(U), aided with the narrow-band hearing aid (NB), and aided with 
the wide-band hearing aid (WB) . The level of significance of the 
differences between the indicated scores (PROB.) also is provided 
for each subject (S). 
I SUBJ.I 1 UN NB PROB.| 1 UN WB PROB.| 1 NB WB PROB.1 
1 si 1 i 94 
1 _ 
96 0.4351 1 94 
1 _ 
94.67 0.8021 
_ i 
1 96 
i _ 
94.67 0.5961 
_ i 
1 S2 | 
1 _ | 
198.67 
1
98 0.6811 198.67 
1 
98.67 1 .0001 
_ 1 
1 98 
1 
98.67 0.6811 
1 
1 S3 1 
l — I 
I — 
196.67 
i 
92.67 0.126 I 
I — 
196.67 
I _ 
98 
1 
0.496 1 
_ i 
i 
192.67 
l _ 
98 
i 
0.0271 
| 
1 S4 1 
1 | 
1 
1 100 99 .33 0.3171 1 100 100 1.0001 
1 
199.33 
i 
100 0.3171 
i 
1 S5 1 198.67 99.33 0.596 1 198.67 95.33 0.096 I 199.33 95.33 0.029 1 
1 S6 1 194.67 94.67 1.0001 194.67 97.33 0.2501 194.67 97.33 0.2501 
I 
1 ST- 1 1 98 96.67 0.496 1 1 98 99.33 0.3521 196 .67 99.33 0.103 | 
1 S8 | 
1 
187.33 95.33 0.013 1 187.33 81.33 0.1521 195.33 81.33 1.0001 
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TABLE J4 
PHONEMIC-ANALYSIS SCORES IN NOISE 
Phonemic-analysis scores are in percent correct, phoneme scoring 
(based on three phonemes per word) for each condition: unaided 
(UN), aided with the narrow-band hearing-aid (NB), and aided with 
the wide-band hearing-aid (WB) . The level of significance of the 
differences between the indicated scores (PROB.) also is provided 
for each subject (S). 
1 SUBJ.I I UN NB PROB.1 1 UN WB PROB.| 1 NB WB PROB.| 
1 si 1 
1 - - - 1 
I 80 
1 
?9.33 0.880 1 1 80 
1 _ 
81.33 0.?? 9 | 1?9 .33 
i 
81 .33 0.66? | 
1 S2 | I 84 
1 _ 
84 1.0001 1 84 
I 
81.33 0.548 I 1 84 
1 
81.33 0.548 | 
1 S3 1 
1 i 
i 
181.33 
i 
*8.6? 0.561i 
I 
181 .33 
I 
66.6? 0.003 I 
[ — 
1?8 .6? 
I _ 
66.6? 
— — — l 
0.0191 
_ i 
1 S4 | 
l — i 
1 
185 .33 
i 
86 0.?411 185 .33 
i 
84.6? 0.8801 1 86 
i _ _ 
84.6? 0.?41I 
i 
1 S5 1 
1 i 
1 ?6 
i _ 
?9 .33 0.496 1 1 ?6 
i 
?9 .33 0.4961 1?9 .33 
I 
?9 .33 1.0001 
1 1 — 1 
1 S6 | 
1 
188 .6? 82.6? 0.138 1 188.6? ?3 .33 0.0001 182.6? ?3 .33 0.051 1 
1 
1 S? | 1 90 82.6? 0.0641 1 90 85 .33 0.226| 182.6? 85 .33 0.528 1 
1 S8 | 184.6? ?6 .6? 0.080 1 184.6? ?2 0.00?| 1 ?6 .6? ?2 0.3621 
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APPENDIX K 
SPONDEE THRESHOLD: ANOVA SUMMARY TABLE 
Subjects as One Group 
Analysis-of-variance (ANOVA) summary table for spondee-threshold 
measurements as a function of Condition (T) [unaided versus aided 
with the narrow-band hearing-aid versus aided with the wide-band 
hearing-aid]. 
i SOURCE I I SUM OF SQUARES IMEAN SQUARE! DF |F-RATIO| PROB. I 
I T II 30.333 I 15.166 I 2 | 1.013 I 0.39019 I 
I Error II 209.66? I 14.9?6 I 14 I I I 
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APPENDIX L 
SPONDEE-THRESHOLD VALUES 
Spondee-threshold values (in dB Hearing Level re: ANSI, 1969 
[R19?3]) by Subject (S), and by Condition (unaided [UN], aided 
with the narrow-band hearing-aid [NB], and aided with the 
wide-band hearing-aid [WB]) are indicated. 
I SUBJECT II UN | NB I WB | 
1 si I 
1 1 
18 12 14 | 
_ | 1 — 1 
1 S2 1 
1 i 
18 18 
1 
22 | 
- - 1 1 1 
1 S3 1 
1 — 1 
20 22 18 I 
l 1 1 
1 S4 | 12 12 14 1 
1 S5 1 14 12 14 I 
_ | 
1 So | 22 18 18 1 
_ | 
1 s? 1 32 22 16 1 
_ | 
1 ss | 16 14 24 | 
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APPENDIX M 
LOUDNESS-DISCOMFORT LEVELS 
Loudness-discomfort values (in dB Hearing Level re: ANSI, 1969 
[Rl9?3]) by Subject , and by condition (unaided [UN], aided with 
the narrow-band hearing-aid [NB], and aided with the wide-band 
hearing-aid [WB]) are indicated. 
1 SUBJECT I I UN NB WB | 
I SI I 1 >?8 
l — _ 
60 68 | 
I 
1 S2 I 1 ?6 ?2 68 1 
1 S3 1 
l _ i 
1 66 
i 
62 60 1 
_ | 1 1 
1 S4 1 
1 _ i 
1 
1 >?5 
I 
65 >?5 1 
- - 1 
1 S5 1 1 >80 65 >80 1 
1 S6 | 1 *5 ?5 ?5 1 
1 s? 1 1 58 56 56 1 
1 So | 1 60 50 52 1 
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APPENDIX N 
MEAN PURE-TONE THRESHOLDS 
FOR THE TWO GROUPS 
AT 1000 AND 2000 Hz. 
Group A: hearing impairment beginning at a frequency less than 
2000 Hz. Group B: hearing impairment beginning at a frequency 
greater than 2000 Hz. 
1 
1 
1 1 
I I 
1000 Hz 2000 Hz 1 
1 1 
1 GROUP 
1 _ 
- 1 1 
A l l  
- 1 1 
11.1 dB 3?-. 6 
1 
dB I 
1 1 
1 GROUP 
1 1 
B I I 8.7- dB 8.? 
1 
dB I 
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APPENDIX 0 
SPONDEE THRESHOLD: ANOVA SUMMARY TABLE 
Subjects as Two Groups 
Analysis-of-variance (ANOVA) summary table for spondee-threshold 
measurements: Group (G) [hearing impairment beginning at a 
frequency less than 2000 Hz (Group A) versus hearing loss 
beginning at a frequency greater than 2000 Hz (Group B)] by 
condition (T) [unaided versus aided with the narrow-band 
hearing-aid versus aided with the wide-band hearing-aid]. 
SOURCE | 1SUM OF SQUARES MEAN SQUARE DF F-RATIO PROB. 
G 1 1 160.16? 160.16? 1 ?. 52? 0.03282 
Error 1 1 12?.66? 
1 _ 
21.2?? 6 
T 1 
1 -
1 30.333 15 .166 2 0.941 0.5904? 
ERROR I 1 193.333 16.111 12 
GxT 1 
1 -
I 16.333 8.166 2 0.50? 0.61924 
Error 1 1 193.333 16.111 12 
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APPENDIX P 
LOUDNESS-DISCOMFORT LEVEL AS A FUNCTION 
OF GROUP BY CONDITION 
Tukey analyses were performed a-posteriori to delineate the 
interactions of Group (subjects with hearing loss beginning at a 
frequency less than 2000 Hz versus subjects with hearing loss 
beginning at a frequency greater than 2000 Hz) with Condition 
(unaided versus aided with the narrow-band hearing aid, versus 
aided with the wide-band hearing aid) for loudness-discomfort 
level measurements (LDL). Figure Pi shows LDL as a function of 
Group with the Condition as parameter. Figure P2 shows LDL as a 
function of Condition with the Group as parameter. 
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FIGURE PI 
Loudness-discomfort level as a function of Group (Group A 
[hearing impairment beginning at a frequency less than 2000 Hz] 
versus Group B [hearing impairment beginning at a frequency 
greater than 2000 Hz]) 
with Condition (unaided [UN] versus aided with the wide-band 
hearing aid [WB] versus aided with the narrow-band 
hearing aid [NB]) as the parameter. 
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FIGURE P2 
Loudness-discomfort level as a function of Condition (unaided 
[UN] versus aided v/ith the wide-band hearing aid [ WB J 
versus aided with the narrow-band hearing aid [NB]) with Group 
(Group A [hearing impairment beginning at a frequency less 
than 2000 Hz] versus Group B [hearing impairment beginning at a 
frequency greater than 2000 Hz]) as the parameter. 
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APPENDIX Q 
SUBJECT PREFERENCES 
Speech Discrimination 
A comparison was made of the subjects' stated hearing-aid 
preference with the speech-discrimination scores, and with the 
phonemic-analysis scores. Only two subjects (subjects and 8) 
indicated a preference for a hearing aid that was in agreement 
with the analyses of speech-discrimination and of 
phonemic-analysis scores. Subject ? indicated that she/he 
preferred the WB aid, and that sounds seemed "sharper and 
clearer" than with the NB aid. This preference was consistent 
with the results of SDSq and PAn. Subject 8 indicated that 
she/he preferred the NB aid which was demonstrated to improve 
SDSq and PAq as compared to the unaided and WB-aided conditions. 
Subject 8 stated that the NB aid made her/his voice sound "more 
comfortable and less hollow" than did the WB aid. 
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Subjects 5 , and 6 both xnoicated that they preferred the WB 
aid over the NB aid, but their preferences were not consistent 
with the analyses. Specifically, Subject 5 demonstrated improved 
SDSq and PAq with the NB aid over the WB-aided conditions. 
Subject 6 showed improve NB-aided PAn compared to the score 
obtained with the WB aid. 
One subject (Subject 3) was unable to express a preferrence 
for either aid. Of the remaining three subjects (subjects 1, 2 
and 4) two subjects, (Subjects 1 and 2) indicated that they 
preferred the WB aid, and one subject (Subject 4) showed a 
preference for the NB aid. There were no differences in 
performance scores (speech discrimination or phonemic analysis) 
demonstrable for these subjects. 
Spondee Threshold 
Subjects 4 and 8 yielded a more sensitive ST when aided with 
their preferred hearing aid (NB) than with the WB aid. The 
stated hearing-aid preference (WB) of Subject 2 yielded a more 
sensitive ST than the NB condition. The ST of Subject 1 was 
improved (lowered) with her/his preferred aid (WB) over the 
unaided condition. Subject 8 preferred the NB hearing aid which 
yielded a lower ST than the unaided condition. Four subjects ST 
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(subjects 2, 4 and 6) were unchanged with thier preferred hearing 
aids from the unaided condition. 
Loudness-Discomfort Levels 
Only one subject (Subject 5) demonstrated an improved LDL 
(obtained at a higher sound-pressure level) for her/his preferred 
aid (WB) over both unaided and NB conditions. Subject 4 yielded 
an improved LDL with her/his preferred aid (NB) as compared to 
the WB aid. The LDL of Subject 6 did not change with her/his 
preferred aid (NB) over the the unaided condition. Subjects 2 
and 8 demonstrated poorer LDL for their preferred hearing aid 
than for the other aided condition and the unaided condition. 
